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during  the  period  September  1974  through  September  1977. 

Computer  programing  guidance  was  provided  by  William  Loudin,  Electrical 
Engineer,  formerly  of  the  Mine  Detection  Division,  Countermine  Laboratory. 
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FORECASTING  OF  THE  ELECTROMAGNETIC  AND  THERMAL  PROPERTIES 


I 


OF  SOILS  BY  THE  STUDY  OF  THEIR  CLIMATOLOGICAL  ENVIRONMENT 


I INTRODUCTION 

1 . Purpose  and  Scope.  The  purpose  of  this  research  was  to  determine  a method 
that  could  be  used  in  forecasting  electromagnetic  and  thermal  soil  properties.  Elec- 
tronic detector  performance  on  buried  land  mines  and  antipersonnel  mines  is  influ- 
enced by  soil  properties.  It  was  imperative  to  determine  data  for  research  design  and 
field  use.  which  soil  properties  were  critical,  and  how  they  could  accurately  be  deter- 
mined for  any  given  geographical  area  worldwide.  Past  research  has  identified  that 
electromagnetic  attenuation  and  permittivity  as  well  as  thermal  conductivity  and 
capacity  most  influence  detector  performance.  This  report  concerns  the  investigation 
of  a method  to  identify  a forecasting  technique  that  can  effectively  be  used  in  deter- 
mining critical  soil  properties.  A variation  of  the  Budyko  water-balance  technique 
was  analyzed  as  a tool  for  predicting  soil  moisture  which  in  turn  would  be  a means 
to  provide  values  of  the  critical  E-M  properties  required.  The  ultimate  use  of  the 
information  provided  by  the  technique  investigated  will  be  to  influence  detector 
designs  and  to  provide  the  Army  field  user  with  a manual  which  will  indicate  the 
detector  capabilities  presently  in  hand  in  that  specific  geographic  area. 

2.  Background.  In  the  past,  information  concerning  values  of  various  soil 
parameters  necessary  to  the  subsurface  of  voids  and  objects  was  so  scattered  as  to  be 
almost  unusable.  Values  of  microwave  attenuation  of  the  three  basic,  soil-textural 
types  (sand,  silt,  and  clay)  were  widely  spaced  because  of  the  small  number  of  soil 
moisture  levels  used.1  During  the  I960’s,  excellent  work  was  accomplished  at  the 
Waterways  Experiment  Station,  Vicksburg,  Mississippi,  in  determining  the  radar 
responses  to  laboratory-prepared  soil  samples.2  Large  numbers  of  laboratory  samples 
having  a variety  of  moisture  contents  and  densities  were  prepared.  Standard,  pulsed 
radars  operating  at  frequencies  of  297  MHz,  5870  MHz.  9375  MHz,  and  34,534  MHz 
were  directed  at  the  samples  at  several  angles  of  incidence.  The  purpose  was  to  relate 
the  moisture  content  of  the  soil  samples  with  the  radar  returns  and  the  electrical 
properties  they  provided. 

Ihe  approach  of  the  Countermine  Laboratory  in  determining  electromag- 
netic (E-M)  properties  was  to  use  Constant  Wave  (CW)  between  the  frequencies  of 
100  MHz  and  4000  MHz  because  several  of  the  mine  detectors  in  use  then  and  now 

1 A.  Von  llippcl.  Dielectric  Materials,  MIT,  1954,  p.  314. 

J.  R Lumlicn,  Terrain  Analysis  by  Mectromagnetic  Means.  Report  2.  U.S.  Army  engineer  Waterways  Experi- 
ment Station,  Vicksburg.  MS.  Sep  66. 
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have  discrete  frequencies  in  their  transmitters.  The  Laboratory  fc'-M  analysis  was 
initiated  during  the  late  1960’s;  and,  until  about  1973,  the  analysis  was  performed 
in  the  laboratory  and  not  in  the  field. 


rhe  following  laboratory  methods  were  tried; 

a.  Cun/ton  Technique,  The  intrinsic  loss  of  a soil  packed  in  a coaxial  line 
can  be  found  by  measuring  the  input  impedance  of  the  network  for  a series  of  posi- 
tions of  a movable  short  circuit  at  the  output  terminals.  This  is  a laboratory  method 
and  reveals  the  attenuation  only  at  frequencies  of  100  Mil/  and  above. 


b.  Power-Ratio  Technique.  This  method  is  based  on  the  fact  that  the 
one-way  loss  through  a network  containing  a soil  sample,  matched  both  at  the  input 
and  output,  is  given  by  a simple  equation: 


P 

L,  = 10  log——  (dB) 

P 

tn 

where  P|n  = Input  power  to  the  network. 

P . = Power  delivered  to  a matched  load, 
out 

L(  = Intrinsic  loss  of  the  network. 


(II 


The  Power-R  tio  Technique  is  faster  and  less  prone  to  human  error  than  the  (iun/ton 
Technique.  It  is  a laboratory  method  only. 


c.  Transmission-Line  Technique  (Kirkscether).  The  soil  sample  is  packed 
m a suitable  transmission  (coaxial)  line.  An  adequate  length  ot  the  soil  is  selected 
(15  to  30  centimeters).  The  input  impedance  of  the  line  with  the  soil  is  measured 
with  the  far  end  of  the  sample  line  short  circuited  and  then  open  circuited.  The 
method  can  be  used  to  determine  the  conductivity,  dielectric  constant,  attenuation, 
and  velocity  of  propagation.  Kirksccther's  transmission-line  method  was  finally 
selected,  and  it  produced  most  of  the  laboratory  data  at  the  Countermine  Laboratory 
during  the  late  I %0's  and  early  1970’s.  The  values  of  attenuation  (a)  and  permittivity 
tp)  can  be  ascertained  by  employing  the  following  general  equations: 

a = *4L  InlRZ^.,  Zw)|  O 

P = | tan'1  g (Zw,  Z(K.)  + Zjic  + irtj,  (''' 

/ = Short-circuited  impedance 

SC  r 

Z = Open-circuited  impedance 


where 


] 


rj  = Number  of  wavelengths  within  the  material. 

L = Length  of  sample. 

v*  = Complex  I unction. 

A variation  of  the  transmission-line  technique  , developed  by  Southwest 
Research  Institute,  San  Antonio,  Texas,  enabled  its  basic  principle  to  be  utilized  to 
develop  an  in-situ  kit  to  measure  the  soil  attenuation  and  the  permittivity  from  300 
MHz  to  4000  MHz.  In  the  field  version,  a coaxial  probe  long  enough  to  penetrate 
the  soil  to  a depth  of  2.5  centimeters  was  used.  The  electromagnetic  loss  of  the 
soil  within  the  probe  is  a function  of  the  open-circuited  impedance  as  defined  in  the 
equation:  in(— \ 

j = \ (4) 

O ...  ->- 


where  b = Diameter  of  center  conductor. 

a = Diameter  of  outer  conductor, 
to  = Frequency  in  radians. 

i =£T 

y = Complex  propagation  constant. 

This  in-situ  method  was  used  successfully  in  West  Germany  during  1973,J  in  the 
Netherlands  in  1974.  and  again  in  West  Germany  in  late  1975. 

The  field  and  laboratory  techniques  suffer  from  two  deficiencies: 
(Da  slowness  in  accumulating  data,  and  (2)  the  recompaction  and  redistribution  of  the 
natural  density  and  texture  of  the  soil.  The  methods  employed  always  disturbed  the 
soil  medium  in  some  fashion.  Also,  the  K-M  values  obtained  in  the  field  with  the 
in-situ  kit  were  valid  for  only  a week  or  two  barring  rains.  Because  of  the  short  data 
life  of  the  field  E-M  values  (attenuation  and  permittivity)  and  the  slowness  in  accumu- 
lating these  properties,  the  philosophy  of  the  program  was  changed.  A new  philosophy 
was  accomplished  by  combining  the  expertise  of  past  and  present  laboratory  investiga- 
tions of  electromagnetic  soil  properties  with  published,  worldwide  climatological 
data.4  These  two  areas  of  information  were  made  available  to  a CDC  0600  computer 
which  produced  a vibrant  program  many  times  more  flexible  and  responsive  to  the 
needs  of  the  scientist  and  engineer  than  the  previous  methods.  The  result 

' Robert  A.  I alls.  The  Hectntmagnetic  and  Physical  Properties  o)  Soils  in  Analogous  l ocations  in  the  h'cderal 
Republic  of  (Germany  and  USA.  Ml  RIX'  Report  No.  2103.  June  1974. 

4 Frederick  L.  Wcrnstcdt.  World  Climatic  Data.  Climatic  Data  Press.  Lemont,  PA.  1972. 
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is  a computerized,  monthly  forecast  of  the  soil  moisture,  attenuation,  permittivity, 
and  several  thermal  properties  at  any  one  or  group  of  the  10,767  climatic  stations 
throughout  the  world.  Table  I is  an  example  from  one  climatic  station.  The  computer 
method  also  has  the  potential  of  indicating  areas  and  seasons  most  beneficial  for 
infrared  detection  of  surface  manifestations  of  buried  mines.  At  least,  it  is  capable 
of  determining  reasonable  values  of  thermal  conductivity,  capacity,  diffusivity,  resis- 
tivity. and  thermal  property.  Table  2 lists  the  forecasted,  thermal  values  of  a soil 
in  Oudenbosch,  the  Netherlands. 

At  this  time,  the  probability  of  correct,  long-distance  forecasting 
is  between  0.65  and  0.75.  The  probability  of  higher  correlations  will  depend  upon 
the  textural  resolution  of  any  particular  soil  map. 

II.  INVESTIGATION 

3.  Measurement  and  History.  The  primary  variable  which  determines  the 
level  of  electromagnetic  losses  and  permittivity  within  any  soil  is  the  amount  of  water 
present.  Once  a soil  type  is  identified,  published  data  from  a good  soil  physics  text- 
book5 will  reveal  an  upper  and  lower  limit  to  the  amount  of  water  it  can  retain. 
Therefore,  once  the  yearly  variation  of  the  soil  moisture  is  established  for  an  area, 
all  other  soil  properties  related  to  moisture  can  be  predicted.  This  statement  defines 
the  uniqueness  of  the  Terrain  Forecast  Program.  Past  laboratory  work  provided 
data  on  the  range  of  the  electromagnetic  losses  to  be  expected  for  each  soil  texture 
type  (i.e.,  sand.  loam,  or  clay)  from  conditions  of  dryness  to  conditions  of  complete 
saturation.  An  example  of  this  variation  is  shown  in  Figure  I . Utilizing  the  laboratory 
information  with  a climatological  concept  that  estimates  seasonal,  soil-moisture  be- 
havior essentially  outlines  the  Worldwide  Terrain  Forecasting  method. 

4.  Theory  and  Analysis.  The  rate  at  which  moisture  is  extracted  from  an 
open-water  surface  (Potential  Evaporation)  and  a vegetated  ground  surface  (Potential 
Evapotranspiration)  depends  chiefly  on  the  average  monthly  temperature.  The  best 
known  and  widely  used  method  for  determining  the  potential  evapotranspiration 
was  devised  by  C.  W.  Thornwaite.6  He  developed  empirical  relationships  between 
evapotranspiration  (ET)  and  the  monthly  temperature  (T)  in  degrees  centigrade. 

A variation  of  Thornwaite’s  equation  for  calculating  the  potential  evaporation  (Eq) 
is  as  follows: 

10  Ta 

E = 18.936  ——  (S) 

° I 

L.  D.  Haver,  Soil  Physics.  John  Wiley  & Sons,  3rd  ed.,  1956,  pp.  285-289. 

**  C W.  Thornwaite.  “An  Approach  Toward  a Rational  C lassification  of  Climate."  (leographic  Key  . Vol  38.  pp  55-94 
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Table  1.  Computer  Printout  l orecasting  the  K-M  Parameters  tor  Oudenbosch.  the  Netherlands 


Oudenbosch  Loamy  Clay  Hare  Soil  I ield  Capacity 

licld  Capacity  = 28.2'/?  530.-S40.  nnn/ 1 500  mm 

Critical  Moisture  = 21.3'/? 


Month 

Moisture 
% by  Wt. 

300  MHz 
ATTN/EPSILON 
Standard  Dev  (dB) 

500  Mil/ 
ATTN/EPSILON 
Standard  Dev  (dB) 

IGHz 

ATTN/EPSILON 
Standard  Dev  (dB) 

2CHz 

ATTN/EPSILON 
Standard  Dev  (dB) 

JAN 

18.2 

38./15.0 

50./ 13.6 

84./12.7 

124./ 11.4 

.1 

l/.l 

■ l/.l 

.4/.1 

6/.I 

1 EH 

19.0 

39./I5.7 

5I./14.3 

87/13. 3 

1 2871 1.9 

.1 

l/.l 

• l/.l 

4/.1 

.6/1 

MAR 

19.1 

39./I5.7 

5 I./I4.3 

87./13.4 

129/11. 9 

.1 

2/.1 

.l/.l 

4/.1 

■6/.1 

APR 

18.0 

37./I4.8 

49./ 13.5 

83712.6 

123/11. 2 

.1 

-2/.1 

.l/.l 

.4/.) 

6/.1 

MAY 

15  9 

35./13.0 

47. /1 1.9 

75711.1 

11179.9 

.1 

■ 2/.1 

• l/.l 

■4/.1 

■6/.I 

JUN 

13.5 

32./II.O 

44/10. 1 

6779.4 

9978.5 

.1 

.l/.l 

l/.l 

■4/.1 

.6/1 

JUL 

12.3 

30./ 10.0 

43./9.2 

6278.5 

9277.7 

.1 

.l/.l 

• l/.l 

■4/.1 

-5/.1 

auc; 

12.1 

30./9.8 

42./9.0 

6I./8.4 

91./7.6 

.) 

.l/.l 

.l/.l 

•3/.1 

-5/.1 

SEP 

12.4 

30./ 10.0 

43./9.3 

62./S.6 

9377.8 

.1 

.l/.l 

• l/.l 

.31. i 

.S/.l 

OCT 

13.5 

31  ./1 1.0 

44./ 1 0. 1 

6679.4 

9978.5 

.1 

.l/.l 

.1/1 

• 31. \ 

•S/.l 

NOV 

15.1 

34./I2.3 

46./1I.3 

72./I0.5 

107./9.5 

.1 

.l/.l 

l/.l 

•4/.1 

.51.) 

DEC 

16.5 

36./I3.6 

48./ 1 2.4 

78./1I.6 

1 1 5./ 1 0.4 

.1 

.l/.l 

.1/.) 

.4/1 

.51.) 

Total  Rain  29.1  lnchcs/Year  Pan  Evap.  30.9  Inchcs/Ycar  Critical  Moisture  (mm) 

400.-405. 

Attcnuation/EPSILON:  Attenuation  is  E-M  loss  in  dB  per  meter.  EPSILON  is  the  calculated  dielectric  constant. 
Note:  Second  row  of  numbers  for  each  month  represents  standard  deviation. 


Table  2.  Computer  Printout  of  the  Thermal  Properties  of  Soil  for  Oudenbosch,  the  Netherlands 


Oudenbusch  Loamy  Clay 

Held  Capacity  = 28.2%  by  wt. 

Critical  Moisture  * 21.3%  by  wt. 

Bare  Soil 

l-'ield  Capacity 

530-540  mm/1500  mm 

Moisture  TCONI) 

TCAP 

TDIH 

TP  TR 

Month  % by  Wt.  (cal  cm**  sec'l  °C"1)  (cal  cm'3  °C‘l)  (cm^  sec**)  (ly  °C‘l  iec*^)  (caH  cm2  °q 


IAN 

18.2 

.0028 

.4046 

.00699 

.0338 

29.55 

FEB 

19.2 

.0029 

4145 

.00698 

.0346 

28.86 

MAR 

19.1 

.0029 

.4152 

.00698 

.0347 

28.82 

APR 

18.0 

.0028 

.4021 

.00699 

.0336 

29.73 

MAY 

15.9 

.0026 

.3781 

.00698 

.0316 

31.64 

JUN 

13.5 

.0024 

.3510 

.00689 

.0291 

34.32 

JUL 

12.3 

.0023 

.3370 

.00677 

.0278 

36.01 

AUG 

12.1 

.0023 

.3342 

.00676 

.0275 

36.38 

SEP 

12.4 

.0023 

.3376 

.00679 

.0278 

35.94 

OCT 

13.5 

.0024 

.3507 

.00688 

.0291 

34.36 

NOV 

15.1 

.0026 

.3693 

.00698 

.0308 

32.44 

DEC 

16.5 

.0027 

.3858 

.00699 

.0323 

30.98 

where 


a = (0.675  I’  -77  l3  + 17.920  I + 492390)  I O'5 6 
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"1"  is  called  the  heat  index  of  a location.  It  was  decided  early  in  the  research  to 
develop  an  approach  to  calculate  the  F,  after  the  method  ol  Penman.7  Ilis  research 
indicated  that  the  ratio  of  freshly  wetted  bare  soil  to  that  of  an  open-water  surface 
(tv,  /Et))  was  about  0.90.  He  also  determined  that  the  E,  from  turf  with  a plentiful 
supply  of  water  was  a function  of  the  season  of  the  year  (Table  5). 


Table  .V  Ratios  of  ET/Eo 


Season 

Fr/Eo 

Winter 

0.60 

Spring 

0.70 

Summer 

0.80 

Fall 

0.70 

The  ratios  of  E-r/E0  in  Table  3 were  developed  under  the  climate  and  latitude  of 
SE  England  and  are  based  on  an  unlimited  supply  of  water  to  the  roots  of  the  vegeta- 
tion. In  humid  regions  near  the  equator,  "this  ratio  approaches  0.70  throughout 
the  year.”8  Desert  regions  have  understandably  lower  evapotranspiration  ratios  be- 
cause of  sparse  vegetation.  These  ratios  remain  near  0.55  throughout  the  year  and 
are  less  sensitive  to  latitudes.  A plot  of  the  potential  E,  for  two  locations  is  shown 
in  Figure  2.  This  potential  ET  value  is  always  less  than  the  potential  F value  and  is 
also  the  starting  point  upon  which  all  other  calculations  for  the  forecasting  technique 
are  based. 

5.  Terrain  Forecast  Computer  Program.  The  method  which  has  shown  the 
most  promise  in  forecasting  the  seasonal  moisture  behavior  of  the  1.5  meters  of  soil 
depth  in  vegetated  areas  (0.10  to  0.20  meter  in  bare  ground)  is  a simplified  version 
of  the  Budyko  water-balance  method  published  by  Sellers."  According  to  this  tech- 
nique, there  are  two,  and  possibly  three,  drying  stages  in  soil  (Figure  3).  In  the  first 
stage,  when  there  is  a considerable  amount  of  moisture  in  the  soil,  the  rate  of  drying 
of  the  soil  depends  primarily  on  external  meteorological  factors  (rainfall,  evaporation). 

^ It.  I . Penman.  "Natural  Ivaporation  from  Open  Water,  Hare  Soil,  and  (itan,"  /Voc  Row  Sow  I on  Jon.  4 I Of 
120-145. 

g 

II  L.  Penman,  “Iitimating  livaporation,”  Transactions  of  American  (ieophysiwa/  I'nion.  Vol  57,  No  l.p.  45. 
Feb  1956. 

9 

William  IV  Sellers,  Physical  Climatology,  the  University  of  Chicago  Press,  Chicago.  It , p.  175,  1974 
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POTENTIAL  EVAPOTRANSPIRATION  VS  AVERAGE  CLIMATE  YEAR 
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During  this  first  stage,  the  rate  of  soil  drying  proceeds  according  to  the  formula: 


W (1)  = 


R + 2W,  - E, 


2 + B (R/Wmax) 


where 


W ( 1 ) = Calculated  soil  moisture  at  the  end  of  the  month. 


W = Maximum  amount  of  soil  moisture  that  a soil  can  hold 

max 

against  gravity  (field  capacity).  It  is  directly  related  to  texture. 

B = Empirically  determined  constant  of  proportion  ranging  from 
0.2  to  0.8. 

W,  = The  soil  moisture  at  the  beginning  of  a month. 

R = Total  monthly  rainfall. 

Et  = Potential  evapotranspiration. 

If  the  soil  dries  below  a critical  moisture  level  (Wk ),  as  it  may  in  the  summer,  it  is 
then  in  a second  stage  where  the  rate  of  drying  rapidly  decreases  and  the  soil  moisture 
W(2)  is  calculated  by  the  formula: 


W(2)  = 


R + 2W, 


2 + B(R/Wmax)  + ET/Wk 


where 


W(2)  = The  calculated  soil  moisture  at  the  end  of  the  month  if  the 
moisture  is  below  the  critical  level. 


Formulas  (6)  and  (7)  form  the  nucleus  of  a water-balance  method.  A slight  variation 
of  the  technique  as  described  by  Sellers  correlates  quite  well  with  field  confirmation 
(roughly  within  ± 7%  of  forecasted  moisture  values.)  Excellent  detailed  discussion 
on  the  method  can  be  found  in  several  recent  physical  climatology  textbooks. 

The  three  parameters  needed  to  obtain  an  accurate  forecast  of  the  terrain 
anywhere  are:  average  monthly  rainfall,  temperature,  and  a reasonable  estimate  of 
the  type  of  soil  present.  Part  of  this  information  for  10,767  stations  throughout  the 
world  was  found  in  Wernstedt’s  World  Climatic  Data.  10  Although  his  data  is  unavoid- 
ably uneven  in  duration  and  length  of  climatic  records  and  geographical  distribution, 
every  political  unit,  i.e.,  country,  colony,  state,  or  province,  is  represented  as  in  the 
sample  compilation  (Table  4). 

10  Frederick  L.  Wcrnstedt,  World  Climatic  Data.  Climatic  Data  Press,  Lcmont,  PA,  1972. 
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l ablo  4.  Sample  Compilation  of  Average  I emperaturc  .nul  Kainlall  from  Wetnstedt 


Station 

Yr. 

1 lev 

Lai 

Long. 

JAN 

FEB 

NOV 

mu 

53.4°F 

57.7 

bl  8°1 

55T’F 

Yuma 

Xd 

100 

32. 4 

1 !4.5bW 

0.3d" 

0.3d" 

o.:r 

0.45" 

Such  data  as  shown  in  la  hie  -4  was  an  important  find.  It  was  the  first  compilation 
of  average,  long-term,  monthly  atui  annual  temperature  and  precipitation  slat  a for 
a network  of  nearly  ll> .000  world  climatic  stations,  t his  data  is  vitally  necessary 
for  input  to  terrain  forecasting  research.  However,  because  the  data  was  in  the  form 
of  a printed  list,  its  use  as  a source  of  rapid  input  of  climatological  data  was  limited. 
It  was  not  until  a magnetic  tape  equivalent  of  the  climatological  data  was  found  that 
great  potential  was  given  to  the  whole  terrain-forecasting  idea  (f  igure  4)  At  the 
present  time,  soil-texture  data,  the  third  and  last  necessary  piece  of  input  data  to 
create  the  terrain  forecasting  analysis,  is  not  compiled  in  such  a usable  form  as  the 
climatological  data,  l'he  greatest  textural  compilation  so  far  available  was  developed 
by  the  US  Soil  Conservation  Service."  This  compilation  is  limited,  however,  to 
the  continental  US.  Puerto  Rico,  and  the  Virgin  Islands.  The  exact  location  of  the 
various  soil-textural  types  is  not  clear-cut  in  the  US  Soil  Conservation  compilation 
Therefore,  at  the  present  time,  most  textural  information  is  derived  from  soil  textural 
maps.  Soil  texture  is  equatable  to  the  amount  of  water  it  can  hold  (field  capacity). 
Therefore,  a soils-textural  classification  can  be  reduced  to  field  capacity  in  milli- 
meters of  w ater  per  unit  depth  of  ground  (in  this  case.  1500  mm),  and  critical  moisture 
can  be  expressed  in  the  same  units.  These,  then,  are  the  input  data  supplied  to  the 
computer  along  with  rainfall  and  temperature  (Table  5).  Summarizing,  then,  the 
computerized  research  program  is  capable  of  reading  the  location  and  country  code 
number  typed  in  at  the  input  terminal.  The  computer  then  retrieves  from  the  clima- 
tological magnetic  tape  the  correct  monthly  temperature  and  rainfall  for  the  location 
The  researcher  finally  has  to  decide  what  major  soil  types  are  present  in  the  area 
of  interest.  This  information  can  be  obtained  from  soil-texture  maps  of  the  various 
countries.  The  three  parameters  (rainfall,  temperature,  and  soil  texture)  are  supplied 
to  the  terrian  computer  program.  Here,  the  forecasted  soil-moisture  content  is  calcu- 
lated for  each  month  of  the  year.  Once  this  monthly  moisture  value  is  obtained, 
the  program  searches  a common  data  block  subroutine  in  which  all  the  accumulated 
laboratory,  field,  and  published  data  on  the  electromagnetic  and  thermal  properties 
of  soils  is  stored  (See  Appendix  B). 

* * Soil  Conservation  Service.  f'SDA,  “Soil  Series  of  the  United  States,  Puerto  Rico,  and  the  Virgin  Islands,"  Aun  7’. 


Figure  4.  Elements  of  the  soils  moisture,  electromagnetic  and  thermal  properties  forecasting  method. 


fable  5. 

Soils  Textural  Classification 

Type  Soil  (Texture) 

Field  Capacity 

MM/ 1500  mm 

Critical  Point 
MM/I 500  mm 

Coarse  Sand 

78.0 

3.5 

Medium  Sand 

161.0 

9.0 

Fine  Sand 

222.0 

14.5 

Sandy  Loam 

289.0 

24.0 

Fine  Sandy  Loam 

359.0 

50.0 

Silt  Loam 

433.0 

1 12.0 

Silty  Clay  Loam 

514.0 

405.0 

C lay  Loam 

600.0 

450.0 

Silty  Clay 

691.0 

538.0 

Clay 

813.0 

634.0 

Several  opportunities  were  presented  to  evaluate  the  technique  as  a fore- 
casting method.  Data  were  obtained  from  across  the  southern  part  of  the  United 
States  during  1974  and  1976;  from  the  Netherlands  during  February.  May.  and 
September  1976;  from  Puerto  Rico  during  June  1976;  and  from  the  north  central 
United  States  during  July  1976.  The  locations  of  the  soil  samples  during  1974  appear 
in  Figure  5.  The  actual  and  forecasted  soil  moisture  results  appear  in  Table  6.  In 
January  1976,  another  opportunity  to  evaluate  the  method  was  presented  (Figure  6) 
It  was  recognized  by  this  time  that  there  were  slight  soil-moisture  differences  between 
ground  covered  by  vegetation  and  bare  soil.  The  results  of  the  actual  moisture  values 
compared  with  the  forecasted  values  appear  in  Table  7.  This  table  lists  actual  soil 
moisture  in  the  field,  predicted  moisture,  and  “repredicted”  moisture  after  more 
accurate  knowledge  of  the  locations  was  gained. 


Table  6.  Actual  and  Forecasted  Soil  Moisture  (September  1974) 


Geographic 

Location 

Actual  Moisture  Content 
by  Wt.  Determined  in  Field  ('*') 

Forecasted 
Moisture  ('') 

Nowata.  (3k. 

17.0 

17.3 

Ironton,  Ohio 

21.3 

20.9 

Vienna,  111. 

17.9 

16.4 

Lafayette.  Ind. 

27.7 

25.6 

Seabrook.  N.J. 

18.0 

1 9.6 

Lorton.  Va. 

1 1.1 

1 1.7 

(6”  CORE  SAMPLES) 


Figure  6.  Locations  at  which  core  samples  were  taken  in  January  1976. 


Table  7.  Actual  Field  Moisture  Compared  with  Forecasted  Values 


f 


Gila  Bend,  AZ  6.0  5.0  1.4  ±0.2  1.4  ±0.2  4.5  ± .7  4.5  ± 0.7  Rain  in  Morning 

Fort  Huachuca,  AZ  4.8  - 1.6  ±0.5  - 6.5  ±1.5  6.5  ±1.5  Soil  of  Finer 

Texture 


By  the  spring  of  1476,  research  was  started  into  locating  areas  which  have 
great  contrast  in  climate  and  soil  textures  over  relatively  short  distances,  i.e.,  Israel, 
Portugal.  Kansas,  and  Puerto  Rico.  Puerto  Rico  was  an  ideal  place  to  study  the 
changes  in  several  soil  properties  because  of  the  great  differences  in  rainfall,  relief, 
vegetation,  and  parent  rock.  The  island  offered  an  ideal  test  bed  to  evaluate  the 
forecasting  method.  The  selection  of  the  route  >r  the  field  tests  was  guided  by 
information  supplied  by  a US  Department  of  Agriculture  Survey  of  Puerto  Rico 
published  in  January  1442.  This  report  indicated  exactly  the  soil  texture,  rainfall, 
and  depth  to  bed  rock  in  a North-South  (N-S)  section  of  the  island  (Figures  7 and  8). 
Figure  7 shows  the  rainfall  to  range  from  moderate  to  heavy  on  the  north  side  to  light 
on  the  south  side.  I he  types  of  soils  expected  on  this  N-S  section  are  shown  in  Figure 
8.  F his  information  used  in  conjunction  with  highway  information  resulted  in  select- 
ing ten  locations:  (I)  Vega  Alta,  (2)  Morovis  (3)  Orocovis,  (4)  Barranquitas, 
(5)  t oamo.  (6)  Santa  Isabel.  (7)  Pastillo,  (8)  Parguera.  (9)  Ensenada,  and  (10)  Lajas 
(Figure  4).  The  results,  showing  the  forecasted  and  actual  soil  moisture,  are  shown 
in  Table  8 

Finally,  as  a result  of  an  informal  agreement  between  the  Netherlands 
and  the  United  States  in  1474.  a field  test  covering  several  seasons  of  the  year  1476 
was  conducted  by  a Dutch  team  trained  by  MERADCOM  personnel  and  led  by  LT. 
Lexden  Hollander.  I his  team  utilized  the  soil  in-situ  kit  for  measuring  the  electro- 
magnetic properties  of  the  soil.  The  locations  of  the  test  areas  in  the  Netherlands 
are  shown  in  Figure  10.  The  field  moisture  values  obtained  by  LT.  Lexden  Hollander's 
team  compared  with  the  forecasted  moisture  values  appear  in  Table  4.  The  electro- 
magnetic properties  of  the  several  locations  are  indicated  in  Table  10.  At  present, 
there  is  no  data  available  in  the  computer  data  file  for  peat/sand  soils. 

6.  Statistical  Analysis  of  Field  Data  Taken  at  Fort  Huachuea,  Arizona,  and 
Fort  Belvoir,  Virginia.  During  early  June  1 477.  a series  of  side-looking  radar  expert 
ments  associated  with  minefields  was  conducted  at  Fort  Huaclutca.  Arizona.  Six 
months  previously,  there  was  concern  as  to  the  amount  of  soil  moisture  present  at  this 
location.  O uma.  Arizona,  a much  drier  and  thus  a more  desirable  location,  was  ruled 
out  as  the  test  area  for  fiscal  and  aircraft  logistical  reasons.)  A Terrain  Forecast  Pro 
gram  was  employed  at  Fort  Huachuea  to  find  out  what  month  was  lowest  in  soil 
moisture,  permittivity,  and  attenuation  at  this  location.  It  the  experiment  were  to 
have  any  chance  of  success,  it  requires  that  the  near  surface  (0  to  10  cm)  of  the 
chosen  locations  be  as  dry  as  possible  under  the  prevailing  climatological  conditions 
I he  program  predicted  that  the  end  of  June  would  be  the  driest  season  at  Fort  llua- 
chuea.  At  that  time,  the  soil  would  have  a moisture  content  of  2.6  , ± 2. OS 
(Table  II). 


JUNE  23  TO  26,  1976 


Figure  9.  Location*  at  which  toil  temple*  were  taken  in  June  1976. 


(June  23  to  26,  1976) 

Location  Actual  Values  of  Moisture  and  Texture 

in  Forecasted  Properties  Encountered  in  Field 

Puerto  Rico  Soil  Moisture  Texture  Soil  Moisture  Texture 


Table  9.  Forecasted  and  Actual  Soil  Moisture  at  Six  Locations  in  the  Netherlands 


Table  10.  Electromagnetic  Properties  of  the  S 


Table  1 1.  Forecast  of  Soil  E-M  Parameters  at  Fort  Huachuca,  Arizona 


Ft.  Huachuca,  AZ 
Silt  Loam 

Field  Capacity  = 24% 

Critical  Moisture  = 13.1% 

Moisture  300  MHz  500  MHz  I GHz  2 GHz 

% by  Wt.  ATTN/Epsilon  ATTN/Epsilon  ATTN/Epsilon  ATTN/Fpsilon 


Month  Standard  Dev  Standard  Dev  Standard  Dev  Standard  Dev  Standard  Dev 
(%) dBA dB/- dBA dB/- 


JAN 

5.8 

14./4.8 

21./5.6 

29./5. 1 

51./4.8 

2.4 

4.8/ 1.2 

7.3/ 1.1 

9.8/ 1.0 

I3.4/.9 

FEB 

6.2 

I5./6.0 

22./5.S 

31./5.3 

53./5.0 

2.5 

4.9/ 1.3 

7.4/ 1.2 

9.9/ 1.0 

12.9/1.0 

MAR 

5.7 

14./ 5. 8 

20./5.6 

29./5.1 

50./4.8 

2.7 

5.4/ 1.4 

8.1/1. 2 

10.9/1.1 

15.2/1.0 

APR 

4.6 

12./5.3 

17./5.1 

24J4.1 

43J4.4 

2.8 

5. 9/ 1.3 

8.7/1. 2 

11.8/1.1 

19.2/.9 

MAY 

3.4 

9J4J 

13./4.5 

I9./4.2 

35./4.0 

2.5 

5.7/1. 1 

8.4/ 1.0 

1 1.4/.9 

19.4/.7 

JUN 

2.6 

7./4.3 

1 1./4.2 

16./3.9 

38./3.7 

2.0 

4.1/.8 

6.8/.S 

9.3/.  7 

1 6.9/. 5 

JUL 

4.6 

12./5.2 

I7./5.0 

24./4.6 

44J4.3 

1.9 

4.I/.9 

6.1/. 8 

8.3/. 7 

13.0/. 6 

AUG 

5.4 

13./5.6 

19./S.4 

28./5.0 

4S./4.6 

2.4 

4.9/1. 2 

7.3/ 1.1 

9. 8/. 9 

14.1/. 9 

SEP 

4.4 

1 1./5.2 

16./5.0 

23./4.6 

42J4.3 

2.6 

5.5/ 1.2 

8.1/1. 1 

11.0/1.0 

1 7.3/. 8 

OCT 

4.0 

10./5.0 

1 5.Z4.8 

NOTE:  ATTN/Epailon:  Attenuation  is  E-M  loss  in  dB  pet  meter.  Epsilon  is  calculated  dielectric  constant. 


Bare  Soil  Field  Capacity  (mm/ 1 500  mm) 
433.-5 14.  mm/ 1 500  mm 
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During  the  month  of  June,  21  soil  samples  were  randomly  taken  at  the 
“Radar  Spoke”  at  Fort  Huachuca.  This  area  is  roughly  1.0  by  0.5  kilometer.  Pre- 
liminary research  indicated  that  the  surface  soil  at  Fort  Huachuca’s  "Radar  Spoke” 
should  be  classified  as  a silt  loam.  The  moisture  content  of  the  2 1 samples  is  as  fol- 
lows: 


pie  No. 

Moisture  Content  (%) 

1 

1.9 

-> 

1.40 

3 

2.50 

4 

1.50 

5 

3.00 

6 

5.8 

7 

2.10 

8 

1.10 

9 

2.00 

10 

2.00 

1 1 

3.2 

12 

2.47 

13 

4.7 

14 

4.97 

15 

2.46 

16 

1.10 

17 

3.4 

18 

1.20 

19 

3.00 

20 

3.29 

21 

3.25 

The  average  value  of  soil  moisture  equaled  2.69%.  The  standard  deviation  was  cal- 
culated as  1.34%.  The  kurtosis  equaled  2.91.  ("The  kurtosis  indicates  the  spread 
of  the  frequency  curve.  The  kvirtosis  of  a normally  distributed  curve  should  be  3.00. 
If  the  value  exceeds  3.00,  the  distribution  is  less  peaked  than  the  normal  curve;  and, 
if  it  is  less  than  3.00,  the  distribution  is  more  peaked.”*Jt  Therefore,  the  sampled 
area  illustrated  is  very  nearly  normally  distributed.  The  predictive  program  fore- 
casted 2.60%  ± 2.0%  for  June.  The  actual  field  data  gave  2.69%  ± 1.34%.  Three  soil 


moisture  samples  were  obtained  on  September  15.  1977,  with  an  average  moisture 
of  4,53%.  The  forecast  for  this  time  of  year  indicated  4.90%. 

^)P.  Cole  and  C.  A.  M.  Kina.  Quantitativr  (lettgraphy.  John  Wiley  A Sons,  IV70.  p.  1 13. 
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The  same  sampling  procedure  was  followed  in  August  1977  at  Fort  Belvoir, 
Virginia,  except  that  the  samples  were  taken  from  two  smaller  areas:  a 200-meter  by 
120-meter  clearing  and  a 60-meter  by  3-meter  road.  The  21  samples  taken  in  the 
clearing,  a sandy  to  silty  loam,  had  the  following  moisture  content  . 


iple  No. 

Moisture  Content  (%) 

1 

8.8 

13.61 

3 

9.25 

4 

15.96 

5 

19.59 

6 

13.28 

7 

13.97 

8 

9.71 

9 

9.07 

10 

9.28 

1 1 

13.39 

12 

9.78 

13 

18.55 

14 

13.88 

15 

11.00 

16 

14.77 

17 

13.19 

18 

14.54 

19 

8.59 

20 

1 1.29 

21 

10.74 

The  average  value  of  soil  moisture  in  this  area  equaled  1 2.49%.  The  forecasted  value 
was  calculated  as  13.95%.  The  standard  deviation  for  the  21  samples  equaled  3.15%. 
The  kurtosis  (2.65)  is  lower  than  the  kurtosis  of  the  Fort  Huachuca  area  indicating 
a much  less  than  normal  distribution.  The  Forecast  Program  indicated  a soil  wetter 
by  1.46%  (by  dry  weight). 


The  last  area  to  be  considered  at  Fort  Belvoir  was  the  gravel/sand  road 
near  the  natural  clearing  (Range  5).  The  sample  number  was  reduced  to  17  because 
of  the  much  smaller  area  - 60  by  3 meters.  The  soil-moisture  readings  from  the 
surface  down  to  10  centimeters  for  the  17  samples  are  as  follows: 


28 


w 


1 


Moisture  Content  (%) 

0.57 
2.10 
5.74 
0.70 
1.83 
2.91 
2.65 
2.56 
4.50 
4.25 
0.71 
4.40 
0.83 
3.20 
0.63 
0.62 
0.51 

In  the  road  area,  the  average  soil  moisture  was  2.28%  with  a standard  deviation  of 
1.68%.  The  kurtosis  (2.078)  turned  out  to  be  the  lowest  of  the  three  areas  under 
discussion.  The  predictive  soil  moisture  is  listed  as  1.7%  ± 1.0%  as  compared  with 
the  average  field  moisture  of  2.28%  ± 1 .68%. 

Summarizing,  then,  in  all  three  areas,  field  moisture  average  values  fall 
within  the  forecasted  values  (Table  12).  The  smaller  the  area  that  is  sampled,  the 
more  the  histogram  of  soil  moisture  deviates  from  a normal  curve. 


Table  1 2.  Summary  of  Forecasted  Field  Moisture  Compared 
with  Actual  Field  Moisture  at  Fort  Huachuca  and  Fort  Belvoir 


Location 

Forecasted 

(%) 

Lack  of  Textural 
Confidence  Number 
(%) 

Actual 

Field 

Moisture 

(%) 

Standard 

Deviation 

(%) 

Fort  Huachuca 

2.60 

± 2.08 

2.69 

± 1.34 

Fort  Belvoir  1 

13.95 

± 1.55 

12.49 

± 3.15 

Fort  Belvoir  2 

1.7 

± 1.00 

2.28 

± 1.68 

Sample  No. 
1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 


' 
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ID  CONC  LUSIONS 


7.  Conclusions.  It  is  concluded  that: 


a.  The  comparison  of  field  and  forecasted  soil-moisture  test  results  over 
the  past  several  years  indicates  that  the  Terrain  Forecast  Program  can  he  used  to 
pre  u the  moisture.  I M.  and  thermal  properties  of  the  near-soil  surface  in  any 
part  ot  the  world  where  climate  and  soil  textural  information  is  available.  This  pred.c- 
tion  capability  has  a probability  value  approaching  0.75 

b.  The  most  pragmatic  value  that  the  research  program  has  to  offer  is 
he  ability  to  give  an  appreciation  of  the  values  of  the  F-M  and  thermal  properties 
that  are  most  likely  to  be  present  during  the  month  of  interest.  The  program  is  not 

z:  sprr  •«**  »r  «*•  *•*..  .«>.  j „kwn.  lo°! 

Z*  ? Jl  °f  *«■  “»>  '•■hy-  Dcfimlions  tao,| 

on  sand-grain  and  clay-plate  si/e. 

c.  Simple,  random  sampling  of  a visibly,  even-textured  soil  over  an  area 

°*  afP7**nU,e,>  0 5 kilometer  suggests  that  soil-moisture  values  follow  approx 
mutely  a normal  distribution  curve.  approx 

m a nun  \t  ^ pr0pCr,'es  of  an  en,ire  country  or  continent  can  be  printed 
m a matte r ol  several  minutes  with  the  Ml  RADCOM  bbOO  Computer 

Ih  nr-I  t C omputer  graphics  sliould  be  investigated  as  a method  of  applvmg 
the  predic t.ve  technique  to  such  presentations  as  maps. 

t High-resolution  satellite  soil  moisture  data  should  be  used  as  a reverse 
locations.*10  ^ **  m°dified  *°  predict  soil  *«fure  types  of  remote 
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PREDICTED  TERRAIN  PROPERTIES 
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103.7  9.0 

.1 

.2/  .1 

.1/  .1 

.47  .1 

.6/  .1 

JUL 

13.4 

51.715.9 

44.71 fc.C 

66.7  9.3 

98.7  8.4 

.1 

.1/  .1 

.17  .1 

.47  .1 

.6/  .1 

AUG 

13.5 

12.711 .0 

<♦4.710.1 

67.7  9.4 

99.7  8.5 

. 1 

.1/  .1 

.17  .1 

.47  .1 

.5/  .1 

SEP 

13.5 

11.711.3 

44.71C.1 

66.7  9.4 

99.7  8.5 

.1 

.17  .1 

.17  .1 

.47  .1 

.57  .1 

OCT 

14.4 

1 1.711 .7 

45.710.8 

70. 710.0 

103./  9.0 

.1 

.1/  .1 

.17  .1 

.47  .1 

.57  .1 

NOV 

15.8 

15.712.9 

47.711.8 

75. 711.0 

111.7  9.9 

.1 

.1/  .1 

.17  .1 

.47  .1 

• 67  .1 

OEC 

17.3 

17./  14.2 

49. 713. U 

81.712.1 

119.710.3 

.1 

.1/  .1 

.17  .1 

.47  .1 

.6/  .1 

TOTAL 

RAIN  30.9PAN 

EVAP.  29.9 

CRITIC!- 

MOIST. (MM)  400 

.-405. 

OEN  HtLOEN 


PN-OICTION  0?  SOIL  3A<AMtT£4S 


LOAMY 

CLAY 

PAKi  SOIL 

FC 

FC  28 

.2X  cm  T • 

21.37, 

530.-540. 

MONTH 

MO  IS  TU  ?E 

jOi'MMZ 

50; NHZ 

1SHZ 

2GHZ 

X3Y  NT. 

ATTN/EJSIL0N 

ATT.3  7EPSILCN 

AI  TN/tPSKON 

AT  TN/EPS I 

TOLERANCE 

T'JOE<  A NO  E 

»9*b*ANCi 

0 • Jb£  RA  NO  E 

0JF9L  £ 

JAN 

18.4 

<n./ii.? 

90.713.8 

85. 712.9 

125.71 1. 5 

.1 

,17  .1 

.17  .1 

.4/  .1 

• o7  .1 

FEB 

19.2 

3 9./  t».  3 

51.71 4.4 

3 7. 71 3.5 

12  4.712. 0 

.1 

.1/  .1 

.17  .1 

.47  .1 

.67  .1 

MAN 

19.3 

33.713.4 

51.714.5 

88.713.5 

130 .712. 1 

. 1 

.2/  .1 

.17  .1 

.47  .1 

• b/  .1 

APR 

18.9 

3 3. 7 1 > . 2 

90 . 71 3. 8 

35.712.9 

125.711.5 

.1 

.2/  .1 

.17  .1 

.47  .1 

.6  7 .1 

MAY 

18.3 

35. 713.  it 

47.712.2 

77.711.4 

114.710.2 

.1 

.27  .1 

.17  .1 

.47  .1 

.6/  .1 

JUN 

13.9 

32.711 .0 

44.711.1 

57.7  4.4 

39.7  3.5 

.1 

.17  .1 

.17  .1 

.47  .1 

• 67  .1 

JUL 

12.1 

30./  3.7 

42.7  9.0 

b 1 . 7 8.4 

41.7  7.6 

.1 

.17  .1 

.17  .1 

.47  .1 

.9/  .1 

AUG 

11.9 

29.7  3.3 

4 2.7  b.6 

5 3.7  8.0 

83.7  7.2 

. 1 

.17  .1 

.17  .1 

.37  .1 

.57  .1 

SEP 

12.0 

29.7  3.7 

42.7  9.0 

b 1 . 7 8.3 

90./  7.5 

. 1 

.17  .1 

.17  .1 

.3/  .1 

.57  .1 

OCT 

13.7 

32.711 .1 

44./ 10.2 

67.7  4.5 

1J0.7  3 . b 

.1 

.17  .1 

.17  .1 

.37  .1 

.5/  .1 

NOV 

15.9 

34.712.7 

47.711.6 

74. 710.8 

10  3.7  9.7 

.1 

.17  .1 

.17  .1 

.47  .1 

.5  7 .1 

DEC 

17.0 

36.713.9 

43.712.7 

7 3 . / 1 1 . 9 

117.710.6 

. 1 

.17  .1 

.17  .1 

.47  .1 

.5/  .1 

TOTAL 

9 A I N 28. 3P4N 

“VIP.  2 4 . 3 

091 T I J 

A L P 0 I • <MMI  tJO 

.-4  C5 . 

.18 


DEDEMS VAART 

PREDICTION  OF  SOIL  PARAMETERS 

LOAMY 

CLAY 

bare  soil 

FC 

EC  28 

.2<  CRIT. 

21  .JSC 

530.-540. 

MONTH 

MOISTURF 

sOlHHZ 

5 0 J MHZ 

1GHZ 

2GHZ 

•/.3Y  WT. 

ATTN/E>  SlLON 

ATTN/iPSlLON 

ATTN7EPSI-3N 

ATTN7EPSIL0N 

tolerance 

TOBlZRANCE 

B32ESANCE 

OBUfctRANCE 

0379LERAN  CE 

JAN 

19.0 

J9./15.7 

51./14.3 

97./13.3 

128. /II. 9 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

FEO 

19.9 

40./ 15. 4 

52./14.9 

90. 713.9 

133. /12. 5 

.1 

.2/  .1 

.2/  .1 

.57  .1 

.7/  .1 

MAR 

20.0 

4U./I5.6 

52./15.1 

91. 714.1 

134.712.5 

.1 

.3/  .2 

.4  f .2 

.87  .2 

1.2/  .2 

APR 

18.7 

3 3. 713.4 

50 .714.0 

95.713.1 

12o.711. 7 

.1 

.2/  .1 

.17  .1 

.5/  .1 

.77  .1 

MAT 

1 & . 3 

<5 , / 13 . 4 

47./12.2 

77. 711.4 

114.710.2 

. 1 

.2/  .1 

.17  .1 

.4/  .1 

.5/  .1 

JUN 

13.9 

32./1L.3 

45.71C.4 

69.7  9.7 

101.7  8.7 

.1 

.2/  .1 

.17  .1 

.47  .1 

.57  .1 

JUL 

13.5 

5 1 ./  1 j . 9 

44. 710. 1 

5b. 7 9.4 

99./  8.5 

.1 

.1/  .1 

.17  .1 

.47  .1 

. 67  . 1 

AUG 

13.9 

32./1L.3 

45./10.4 

58.7  9.6 

101.7  9.7 

.1 

.1/  .1 

.17  .1 

.47  .1 

.5/  .1 

SEP 

13.7 

32. /II .2 

44 .71 L . 3 

57.7  9.5 

100.7  8.5 

.1 

.1/  .1 

.17  .1 

.4/  .1 

. 5/  . 1 

OCT 

14.6 

33. /II  .9 

45. 71C. 9 

71.710.2 

105.7  9.2 

. 1 

.1/  .1 

.17  .1 

.47  .1 

.5/  .1 

NCV 

15.9 

35./13.0 

47.711.9 

75.711.1 

111./  9.9 

.1 

.1/  .1 

.17  .1 

.47  .1 

.6/  .1 

DEC 

17.3 

37. /U. 2 

49.713.0 

91.712.1 

119.710.9 

.1 

.1/  .1 

.17  .1 

.47  .1 

• 67  .1 

TOTAL 

RAT  N 31.1PA 

1 'YAP.  30.2 

cpit  1: 

ALMOIST.(MM)  *00 

• - 4 05. 
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r 


0 £ (TILT 


»«<nirtioN  of  s ) i l ^arami it?s 


LOAMY 

CLAY 

OARt  SD1L 

FC 

FC  2d 

.2*  CRIT. 

'l.iv. 

530. -540 • 

MONTH 

M3  1ST  J RF 

*0  J8HZ 

*0  j MHZ 

13HZ 

2uHZ 

7. 9Y  ht. 

ATTN/F»SIL0N 

ATTN/:  PSI.3R 

ATTY/tPSIlOY 

AT  TN/EPSI 

T0LIKA9CF 

T3UIZR  AVCt- 

BO/FRAMCr 

3B3bi RANCt 

OJ79LE 

JAN 

IS. 5 

.1 S . / 1 » . 2 

So . / 1 3. 9 

S5./12.9 

125.711.6 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

Fta 

19.5 

4 1. 716.  1 

5l.7l4.fc 

88. /I 3.6 

131. /12. 2 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

MAR 

19.  b 

9 'J  .716.1 

51  ./I  4. 7 

89. /I 3. 7 

131. 712. 2 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.b/  .1 

APR 

lS.b 

T3./16.3 

So ./I 3.9 

85. 713.0 

126.711.5 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.b/  .1 

MAY 

15.3 

35.713. 3 

47.  71 2.2 

77. 711.4 

114.710.2 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

JUN 

13.7 

12. /II  .? 

44  ./It. 3 

s7./  9.6 

100.7  8.6 

.1 

.1/  .1 

.1'  .1 

.4/  .1 

.6/  .1 

JUL 

12.4 

TO.  7 ID  , 0 

43./  9.3 

62./  8 . b 

93.7  7.3 

. 1 

.1/  .1 

.1/  .1 

.4/  .1 

.57  .1 

AUG 

12.2 

19./  9.9 

43  • / 9.2 

62. / 8.5 

92.7  7.7 

.1 

.1/  .1 

.1'  .1 

.47  .1 

.57  .1 

StP 

12.5 

5 0.  / ID  , 1 

43./  9.4 

53./  8.7 

93.7  7.3 

. 1 

.1/  .1 

.17  .1 

.3/  .1 

.57  .1 

OCT 

13.7 

3 2.  /II  .1 

44 .71 L. 3 

o 7 . / 9.5 

100.7  8.6 

.1 

.1/  .1 

.1/  .1 

.3/  .1 

.57  .1 

NOV 

15.3 

<4.712.5 

46./11.5 

73./10.7 

10  3.7  9.5 

.t 

.1/  .1 

.17  .1 

.4/  .1 

.57  .1 

OEC 

15.9 

35. /1J  .» 

48 .712. b 

79. 711. 8 

117.710.5 

.1 

.1/  .1 

.17  .1 

.4/  .1 

.57  .1 

TOTAL 

RAIN  3Q.1P4R 

EVAP.  31. J 

CRITIC 

ALM3 IS  T. (MMI  «00 

.-4  05. 

40 


HUCHTfc.  N 

° R E J I C T [ON 

0-  SOIL  3ARAMfT£RS 

LOAMY 

-lay 

AR-:  SOIL 

FC 

FC  23 

.2'/.  CRII. 

if  1 . 3 >. 

930.-940. 

MONTH 

M01STJRE 

^ 0 0 4 H Z 

4 C 1 MHZ 

1GHZ 

2GRZ 

7.3  Y RT. 

lTTM/ir,5lLON 

attn/epsi.on 

AT  TV/EP5I. 3V 

ATTN/EPSII 

TJLcRAVOF 

TTBl/9  A4CF 

HOZfcRAVO- 

0 BJfco  RA  NS  £ 

D3MLE 

JAN 

13.0 

37./14.3 

h9 .71 0.9 

33.712.6 

122.711.2 

. 1 

.17  .1 

.1/  .1 

.4/  .1 

. o7  .1 

FLB 

14.1 

U.  / 15  . Z 

91,/lL. 3 

3 7 . 7 1 3 . 3 

123.711.9 

.1 

.1/  .1 

.17  .1 

.47  .1 

. o/  .1 

MAR 

14.0 

19./  1>  . 7 

91.714.3 

37.713.3 

123.711.9 

.1 

.2/  .1 

.17  .1 

.47  .1 

.67  .1 

AMR 

17.7 

17. /I.  .3 

49.710.3 

32.712.4 

121.711.1 

.1 

.2/  .1 

.17  .1 

.47  .1 

.6/  .1 

MAY 

13.0 

5 3./14.1 

4 7 . 7 l 2 . 0 

7o.7il.l 

112.710.0 

.1 

.27  .1 

.1/  .1 

.47  .1 

.67  .1 

JJN 

13.9 

12.7  11  . 3 

45.7K. 4 

33.7  9.7 

101.7  3.7 

. 1 

.1/  .1 

.17  .1 

.47  .1 

. 6/  . 1 

J'JL 

12.4 

1 1 . 7 i : . 3 

4 3.7  9.3 

62.7  8.6 

93.7  7.3 

.1 

.1/  .1 

.17  .1 

.47  .1 

.97  .1 

AUG 

12.7 

1J./1J  .3 

43.7  4.9 

64.7  3.8 

94./  3.0 

.1 

.17  .1 

.17  .1 

.47  .1 

.97  .1 

SEP 

13.1 

11.713 .7 

44.7  9.9 

59.7  9.1 

97.7  8.3 

.1 

.17  .1 

.17  .1 

.37  .1 

.57  .1 

OCT 

13.7 

3 2.  7 11  . 1 

44. 711 .2 

67.7  9.5 

100./  S.o 

. 1 

.17  .1 

.17  .1 

.37  .1 

.57  .1 

NOV 

14  .« 

13.717.1 

4b. 711.1 

71.710.3 

106.7  9.3 

. 1 

.17  .1 

.17  .1 

.47  .1 

.5/  .1 

DEC 

13.3 

13.711.3 

47.712.2 

77.711.4 

113.710.2 

. 1 

.17  .1 

.17  .1 

.47  .1 

.5/  .1 

TOTAL 

RAIN  3G.5PA) 

EVAP.  31.9 

CRITIC 

ALMOIST. (MM)  >00 

.-405. 

41 


ANOEL 

PR"  MOTION  OF  SOIL  3 

ARAMETERS 

LOAMY 

CLAY 

8 ARE  SOIL 

FC 

FC  28 

•2%  CRIT. 

2 1 . J /. 

53  0 . -540 . 

MONTH 

MOISTURE 

iOCiHZ 

500  KHZ 

1GHZ 

2G9Z 

•/.3Y  WT. 

ATTN/EJSILON 

A TTN/I PSIL 

0* 

ATTN/EPSILON 

AT  TN/EPS I LON 

TOLERANCE 

tobyrance 

OBZtRAN 

2 £ 

OMtERANOt 

OB79L  ERAN 

JAN 

17.6 

37./ 14.5 

49. /I 3.2 

82./12.3 

121. 711.0 

. 1 

.1/  .1 

.1/  .1 

.4/  .1 

.57  .1 

FfcB 

13.7 

38.715.4 

50.714.0 

35./13.1 

126.711.7 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.67  .1 

MAR 

18.8 

34.715.5 

50.714.1 

S6./13.1 

127.711.7 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

. 67  . 1 

APR 

17.9 

37.714.7 

49./13.4 

83. /I 2. 5 

122.711.2 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.67  .1 

MAY 

15.7 

34.712.9 

47. /I 1.8 

75. /10 .9 

110.7  9.9 

.1 

.2/  .1 

.IF  .1 

.4/  .1 

.6/  .1 

JJN 

13.2 

31./13.7 

4 ■* . / 9.9 

55./  9.2 

97.7  3.3 

.1 

.1/  .1 

.17  .1 

.4/  .1 

.6/  .1 

JUL 

12.1 

3U./  3.8 

42./  9.1 

61. / 8.4 

91./  7.6 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

AUG 

11.9 

29./  3.6 

42./  a. 9 

51./  8.3 

90./  7.5 

.1 

.1/  .1 

.17  .1 

.3/  .1 

.5/  .1 

SEP 

11.9 

’ 9. / 9.7 

42./  9.C 

61./  8.3 

90./  7.5 

.1 

.1/  .1 

.17  .1 

.3/  .1 

.5/  .1 

OCT 

13.0 

31. / 1 0 .5 

44./  9.7 

65./  9.0 

96./  9.1 

.1 

.1/  .1 

.1/  .1 

.3/  .1 

.5/  .1 

NO  Y 

14.5 

33. /n  .3 

45. /It  .9 

73.710.1 

104./  9.1 

. i 

.1/  .1 

.17  .1 

.3/  .1 

.5/  .1 

OEC 

16.0 

35./13.1 

47./12.0 

76.711.2 

112./10.0 

.1 

.1/  .1 

.17  .1 

.4/  .1 

.5/  .1 

TOTAL 

RAIN  28.6P4 

1 E Y A P . 31.2 

CRITIC 

AlMOIST. (MM)  400 

.-405. 

:e 
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A L ME  N 

PJ-:  jic  t n 

N i)E  i 0 I L JA<1 

4 1 r - \ s 

LOAMY 

clay 

•w.  ecu 

FC 

FC  23 

.2*.  CR I T . 

• 1 . 5 

1 3 0 . -140. 

MON  TM 

MJIjTJSE 

vj  ) M H 7 

ill.  E H2 

IjH/ 

Co  m2 

'7.  HY  W T . 

AT  TN/E  1 i I LON 

A I T n7  i G 1 L 04 

A 1 TW.Piill.  04 

Al  T 47E  3S I . ON 

T0LLRA4CE 

TTU/Y A4C( 

DlJTr’YA^C- 

lBJbt  SA40c 

t)  )T9l  -1  \Am 

JAN 

17. n 

<7.714.3 

49.713.2 

32.712.3 

121.711.  J 

. 1 

.1/  .1 

.1/  .1 

.47  .1 

.57  .1 

FEB 

13.6 

5 8 . / 1 » . 3 

9 J . 7 1 4 . 0 

35.713.0 

126.711.7 

. 1 

.1/  .1 

.17  .1 

.4/  .1 

.6/  .1 

MAK 

Id.  7 

<4./l,.4 

Gii  .71  4.1 

3 4 . 7 1 3 . 1 

127.71  l.  7 

. 1 

. 1 / .1 

.1/  .1 

.47  .1 

• o/  .1 

APht 

IT. 9 

ir./ii.  7 

49.71 5.4 

33.712.9 

12  2.71  l.  2 

. 1 

.2/  .1 

.17  .1 

.4/  .1 

.0/  .1 

MAY 

15. 7 

<4.712.9 

47 .711.  3 

71.711.0 

111.7  9.3 

. 1 

.2/  .1 

. 1 • .1 

.47  .1 

• o7  .1 

JON 

13.4 

<1.711.9 

• 7 1 v>  . 0 

30.7  9.3 

93.7  3.4 

. 1 

.1/  .1 

.17  .1 

.47  .1 

• 0/  .1 

JUL 

12  .U 

<1./  ).7 

42.7  i.O 

o 1 . 7 3.3 

91.7  7.  t> 

. 1 

.1  / .1 

.17  .1 

.4/  .1 

.5/  .1 

A JG 

11.9 

’>./  1.5 

i?.7  6.4 

b 1 . 7 3.2 

90.7  7.5 

.1 

.1/  .1 

.17  .1 

.3/  .1 

.57  .1 

SfcP 

12.1 

<1.7  9.3 

42.7  9.1 

o 1 . 7 3.4 

91.7  7.6 

.1 

.1/  .1 

.17  .1 

.37  .1 

.57  .1 

OCT 

13.1 

U./  11  .7 

44.7  '9.S 

o 5 . 7 9.1 

97.7  3.2 

. 1 

.1/  .1 

.17  .1 

.37  .1 

.57  .1 

NOV 

1 4 . 6 

< 3./11  . 9 

43.711.0 

71. 710.2 

105.7  9.2 

.1 

.1/  .1 

.17  .1 

.37  .1 

.57  .1 

oec 

15.0 

<5.715.1 

47.712.0 

7b. 71  1.2 

112.710.  J 

. 1 

.1/  .1 

.17  .1 

.47  .1 

.57  .1 

TOTAL 

< A I N 28 . 2°  A 4 

:/ap.  3r.d 

2<1 1 I Cl 

t MOIST. (MM)  ♦ J l 

.-  4 0 5 . 

44 


WINTERS4IJK  DICT  ION  OF  SOIL 


SAND 

RARE  S31L 

FC 

FC  4 

.2  7.  CRIT. 

.U 

90.-110. 

MONTH 

M3  I STORE 

*0  JHZ 

603  MHZ 

1GHZ 

2GHZ 

XBY  WT. 

ATTN/EJSILON 

ATTN/EPSIl ON 

AT  TN  /EPS  I«.  ON 

AT  TN7EPSI LON 

TOLERANCE 

tobfrance 

DBZfcRA  NCI 

OBdfcfc  RAnCE 

0B/9LERANCE 

JAN 

4.2 

4./  3.7 

9./  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.3/  .1 

.67  .1 

.97  .1 

FEB 

4.2 

4./  5.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

MAK 

4.2 

4./  3.7 

6.7  3.6 

10.7  3.6 

23./  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

APR 

3.9 

4./  3.6 

6.7  3.6 

10.7  3.5 

22.7  3.4 

. 4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

MAT 

2.6 

3 . / 3.3 

4.7  3.3 

8.7  3.3 

20.7  3.2 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

JON 

1.2 

2./  3.0 

3.7  3.0 

7.7  3.0 

16.7  2.9 

.4 

.2/  .1 

.37  .1 

.4/  .1 

.87  .1 

JJL 

.7 

2./  2.9 

2.7  2.9 

6.7  2.9 

15.7  2.8 

.3 

.2/  .1 

.27  .1 

.37  .1 

.67  .1 

AUG 

.5 

1./  2.8 

2.7  2.8 

6.7  2.8 

15.7  2.7 

.2 

.1/  .1 

.27  .0 

.37  .0 

.57  .0 

SEP 

.3 

2./  2.9 

3.7  2.9 

6.7  2.9 

15.7  2.8 

.2 

.1/  .0 

.17  .0 

.27  .0 

.47  .0 

OCT 

1.8 

2. / 3.1 

3.7  3.1 

7.7  3.1 

18.7  3.0 

.2 

.1/  .0 

.17  .0 

.27  .0 

.47  .0 

NOV 

3.0 

3./  3.4 

4.7  3.4 

9.7  3.4 

20.7  3.3 

.2 

.1/  .0 

.27  .0 

.27  .0 

.47  .0 

DEC 

3.8 

4./  3.6 

6.7  3.6 

10.7  3.5 

22./  3.4 

.2 

.2/  .1 

.27  .1 

.37  .1 

.5/  .1 

TOTAL 

RAIN  29.9PAN 

€ V A P . 3 0.3 

CRITIC 

ALM0I3T. { MM>  3 

• - 4 • 

45 


WAGENI NGE  N 

PR  0 1 0 T I ON  OF  SOIL  5 

ARAMETERS 

SANLi 

PARE  SOIL 

FC 

EC  4 

.2  Z r.RII. 

.1  Z 

90.-110. 

MONTH 

MOISTURE 

} 0 i'  8 H 7 

5 03  MHZ 

1GHZ 

2G8Z 

ZB Y WT. 

ATTN/l^SILON 

ATT  N7E  PS  I L 

ON  AT  T N /£  P 3 1-  0 4 

AT  TN/EPSILON 

TOLERANCE 

TOUtfRANCC 

1C  3 1 - R A 4 

0 -.  j Bib:  RA  N0£ 

03f4lERAN3£ 

JAN 

4.2 

4./  3.7 

5.7  3.6 

10./  3.6 

23.7  3.5 

.4 

.3/  .1 

.37  . 1 

.57  .1 

.4/  .1 

FtB 

4.2 

4./  3.7 

5.7  3 . f> 

10.7  3.6 

2 3.7  3.5 

• 4 

.37  .1 

.3/  .1 

.57  .1 

.47  .1 

MAR 

4.2 

4.  / 3.7 

5.7  0.0 

10.7  3.6 

2 3.7  3.5 

. 4 

.37.1 

.37  .1 

.57  .1 

.47  .1 

APR 

3.8 

4./  3 .b 

5.7  J . 5 

1C. 7 5.5 

22.7  3.4 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

MAY 

2.7 

3.7  3.4 

4.7  3 . ■) 

9.7  3.3 

20.7  3.2 

. 4 

.37  .1 

.37  .1 

.57  .1 

.97  .1 

JUN 

1.1 

3./  3.0 

5.7  2.9 

7.7  2.9 

1 o . 7 2.3 

.4 

.27  .1 

.37  .1 

.47  .1 

.87  .1 

JUL 

.6 

1.7  >.8 

2.7  2.8 

6. 7 2.8 

15.7  2.7 

.3 

.2/  .1 

.27  .1 

.37  .1 

. 67  . 1 

AUG 

.7 

2.7  2.0 

2.7  2.9 

6.7  2.9 

14.7  2.3 

.? 

.17.1 

.27  .0 

.37  .0 

.5/  .0 

SEP 

.8 

2.7  2.9 

5.7  2.9 

o.7  2.9 

16.7  2.3 

• k 

.1/  .0 

.17  .1 

.27  .0 

.47  .3 

OUT 

1 .8 

2.7  3.1 

3.7  8.1 

7.7  3.1 

18.7  3.0 

.2 

.17  .0 

.17  . C 

.27  .0 

• 47  .0 

NO  0 

3.0 

3.7  3.4 

4.7  5.4 

4./  3.4 

20.7  3.3 

5 

• 1 

.17  .0 

.27  .0 

.27  .0 

. -»7  .0 

OEC 

3 .rt 

4 . / 3.6 

6.7  3.6 

10.7  3.5 

22.7  3.4 

5 

• r 

.27  .1 

.27  .1 

.37  .1 

• 67  .1 

TOT  AL 

RAIN  30.2PA 

I 'VKJ.  31.2 

LKII 

IUALHOIST. CMM»  i 

• - • 

4(1 


VL 1S51N Jr V 

Pp  1ICTION  Of  SOIL  -*  A < & M l l L < S 

SANO 

"Apt  SOIL 

FC 

F C 

4.2’Z  CP1T. 

.1  V. 

90.-110. 

MONTH 

MOISTlKF 

3 0 0 4 H l 

6 u J MHZ 

1 b HZ 

2GHZ 

•/..1Y  WT. 

4TTN/"*ilLON 

ATTN/EPS1 . ON 

attv/lpskov 

AT  TN/E3S I LON 

TOL!  RANCF 

T<)li/9  ANCt 

moz  (-pa  vc 

JBJbt  PANSt. 

0J79L  LPANOt 

JAN 

<f.2 

4./  1.7 

5.7  3.6 

10.7  3 . b 

23.7  3.5 

. 4 

.2/  .1 

.37  .1 

.4/  .1 

.37  .1 

Ft  15 

4.2 

4 . / 5.7 

6.7  3 . b 

10.7  3.b 

23./  3.5 

. 4 

.3/  .1 

.57  .1 

.57  .1 

.07  .1 

MAP 

4 . 2 

4 . / 5.7 

4.7  3,6 

10.7  3 . 6 

23.7  3.5 

. 4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

APK 

3.3 

4.7  -5.6 

5.7  .5.6 

10.7  3.4 

22.7  3.4 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

MAY 

2.7 

5 . / 5.4 

4.7  o » 0 

3.7  3.3 

20.7  3.2 

. 4 

.37  . t 

.57  .1 

.47  .1 

.97  .1 

JUN 

1.2 

2.7  5 , J 

3.7  3.0 

7.7  3.0 

1 o . 7 2.9 

. 4 

.27  .1 

.37  .1 

.57  .1 

.37  .1 

JUL 

.4 

1.7  ? . 3 

3.7  c . H 

6.7  2.  « 

1 >.7  2.7 

.2 

.17  .3 

.17  .1 

.27  .0 

.4/  .0 

AUb 

1 

• C 

1.7  ’ . 3 

2.7  2.7 

4.7  2.7 

14./  2.5 

0 • '' 

0 . J 7 .3 

it  . J 7 l ,4 

J . 07  0. 0 

0. 0/0. 3 

StP 

• 6 

1.7 

2.7  . .rt 

6.7  2. a 

14.7  2.7 

• 

. J 7 .l1 

.07  . L 

.07  .0 

.07  .0 

OCT 

i . / 

’./  5.1 

3.7  3.1 

7.7  3.1 

17.7  3.0 

• r 

. u / . r 

.07  .1, 

.17  .0 

.17  .0 

NOV 

2.9 

5.7  5.4 

-1.7  3.3 

).  7 3.3 

70.7  3.7 

• 1 

.17  .11 

.17  .4 

.17  .0 

.3/  .0 

ut  c 

3.7 

5.7  5.o 

4.7  0.4 

10.7  3 . 6 

22.7  3.4 

~y 

• 

.17  .0 

.37  .6 

. 27  . 0 

.4/  . J 

TOT  Al 

PAIN  '7.  <f' V 

1 /A’.  3 1 ,7 

„ 3 r r i 1 1 

MO  t . T.  < MMI  3 

• “ 4. 

r 


VL1EGWE.G  THE  NTH- 

PRi  )U'T  ICf 

Of  S31L  36R 

4 METERS 

SANU 

< A R:.  SOIL 

FC 

FC 

<♦.2'/.  CRIT. 

• l 7. 

40.-110. 

MONTH 

MD1STURF 

> J 9(7 

•> C j MHZ 

1 3 HZ 

2GHZ 

•/.BY  WT. 

AT  T'l/  L"*  ilLON 

ATTN/ EPSILON 

A I T R/tPSILOW 

AT  TN/EPSILON 

TOlt  RAN3F 

T JB/RANCf 

T9ZBKANC. 

'BZfcuRANOt 

l i)  379LERAN 

JAN 

4.2 

4.  / 3 . 7 

• / 3.5 

10./  3.5 

23./  3.5 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

.4/  .1 

FEB 

4.2 

4./  3.7 

5 . / 3.5 

10./  3.5 

23./  3.5 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

.4/  .1 

MAR 

4.2 

4./  3.7 

5 . / 3.5 

10./  3.5 

23./  3.5 

.4 

. 3/  . 1 

.3/  .1 

.5/  .1 

.4/  .1 

APR 

3.7 

3./  3.5 

5./  3.5 

10./  3.5 

22./  3.4 

. 4 

.3/  .1 

.3/  .1 

.5/  .1 

.4/  .1 

MAY 

2.5 

3./  3.3 

4./  0.3 

3./  3.3 

14./  3.2 

. 4 

.3/  .1 

.3/  .1 

.5/  .1 

.4/  .1 

JUN 

1.2 

2. / 3.3 

3 . / 3,0 

7./  3.0 

16./  2.4 

. 4 

.2/  .1 

.3/  .1 

.4/  .1 

.3/  .1 

JUL 

1.2 

2./  3.0 

3 . / 3.0 

7./  3.0 

16./  2.4 

.3 

.2/  .1 

.2/  .1 

.3/  .1 

.6/  .1 

AUG 

1 .5 

2./  3.1 

3 . / 3.U 

7./  3.0 

17./  2.4 

.2 

.1/  .1 

.2/  .0 

.3/  .0 

.5/  .0 

SEP 

1.5 

2./  3.1 

3 . / 3.0 

7./  3.0 

17./  2.4 

*> 

• c 

.1/  .0 

.2/  .0 

.2/  .0 

.5/  .0 

OCT 

?.o 

2./  5.2 

3.7  3.1 

9./  3.1 

18./  3.0 

• 2 

.1/  .0 

.2/  .0 

.2/  .0 

.4/  .0 

NOW 

3.0 

3./  3.4 

4./  3.4 

1. / 3.4 

20./  3.3 

.2 

.1/  .1 

.2/  .0 

.3/  .0 

.6/  .0 

DEC 

3.8 

♦ . / 3.5 

j . / 3.5 

10./  3.5 

22./  3.4 

.3 

.2/  .1 

.2/  .1 

.3/  .1 

. 6/  • 1 

TOTAL 

RAIN  30.2P4-1 

EW4P.  3 f . 4 

CRIT  ICALMOIST. (MM) 

3 . — 4 , 

48 


ST  . 

annal and 

P-''  HOT  IOn 

OF  SOIL  •>ARAM{.T£<S 

SANl? 

(; 

ARc  SOIL 

FC 

FC 

4 • 2 X CRIT. 

.IX 

90. -110. 

MONTH 

MO 1STJRF 

i0  MHZ 

5C 0 MHZ 

1 3 HZ 

2GHZ 

XliY  WT. 

a r r m / f j 3 1 u)  n 

ATI  N/LPSILO 

N AT  T N 2£  PS  I L 0 4 

AT  TN2EPSILJN 

t jl..*an:e 

r<)u/<ANce 

002  rR  A n C 

OBJfctRANOt 

0979L  £ R A N 

JAN 

4.? 

4. / 5.2 

5 . 2 3 • fi 

10.2  3.6 

23.2  3.5 

• 4 

.3/  .1 

.3/  .1 

.52  .1 

.92  .1 

Fttl 

4.2 

4.  / 5.2 

6.2  3.6 

10.2  3 . b 

23.2  3.5 

.4 

.3/  .1 

.3/  .1 

.52  .1 

.92  .1 

MAR 

4.2 

4./  5.2 

3 . / 3 . b 

10.2  3.6 

23.2  3.5 

. 4 

.32  .1 

.3/  .1 

.52  .1 

.92  .1 

APR 

3.6 

3.  / 3.6 

5.2  o.S 

13.2  3.5 

22.2  3.4 

.4 

.3/  .1 

.32  .1 

.52  .1 

.92  .1 

MA  Y 

2.3 

3./  5.3 

4.2  3.2 

8.2  3.2 

19.2  3.1 

.4 

.3/  .1 

.32  .1 

.52  .1 

.92  .1 

JUN 

.2 

2./  ?.9 

2.2  2.9 

6.2  2.9 

15.2  2.8 

. 4 

.2/  .1 

.32  .1 

.42  .1 

.32  .1 

JUL 

.3 

i . / : . 3 

2.2  2.8 

b . 2 2.8 

14.2  2.2 

.1 

.0/  .G 

.02  .0 

.12  .0 

.12  .0 

AUb 

.8 

2./  >.9 

3.2  2.9 

6.2  2.9 

lb. 2 2.8 

. 1 

. 0 / .0 

.02  .0 

.12  .0 

.12  .0 

SEP 

1.2 

2./  3 . J 

3.2  3,0 

2.2  3.0 

16.2  2.9 

. 1 

. 0 / . 0 

.12  .0 

.12  .0 

.12  .0 

OCT 

2.2 

5./  3.2 

4.2  3,2 

8.2  3.2 

19.2  3.1 

.1 

.1/  .0 

.12  .1 

.12  .0 

.22  .3 

NOV 

3.1 

3./  3. 6 

4.2  3.4 

9.2  3.4 

21.2  3.3 

.2 

.1/  .0 

.12  .0 

.22  .0 

.42  .3 

otc 

3 . 8 

4.  / 3.6 

5.2  3.5 

10.2  3.5 

22.2  3.4 

.2 

.1/  .1 

.22  .0 

.32  .0 

.52  .0 

TOTAL 

R AI  N 2 8 . OP  A N 

:V1P.  30.8 

3R 1 1 I 

OAlHOIST. (MM)  3 

.-  4. 

I' 
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poortugaal 

PP1JICTION  0 = SOIL  PARAMETERS 

SAND 

UA  Rr  SOIL 

FC 

FC 

4.2X  CRIT. 

.1  X 

90.-110. 

MONTH 

MOISTURE 

AO  OMHZ 

5u3  MH7 

1GH2 

2GMZ 

XBV  WT. 

ATTN/EPSILUN 

A TT  N7 :PSI L CN 

AT  TM7EPSIL  OR 

ATTN/EPSILON 

TOLf  RANGE 

tob/r ANcr 

DOZPKAMCt. 

OBJfef RANGE 

0 379L  ERANSE 

JAN 

4.2 

4./  5.7 

5.7  3.6 

1C. 7 3.b 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

FEB 

4.2 

4./  3.7 

5 . / 3.6 

10.7  3. fa 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

MAR 

4.2 

4./  3.7 

5.7  3 . t, 

10.7  3.6 

2 3.7  3.5 

. 4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

APR 

3.7 

3./  3.5, 

5.7  5.5 

10.7  3.6 

22.7  3.4 

.4 

. 3/  . 1 

.3/  .1 

.67  .1 

.97  .1 

MAY 

2.4 

3./  3.3 

4.7  3.2 

3.7  3.2 

19.7  3.1 

. 4 

.3/  .1 

.37  .1 

.67  .1 

.97  .1 

JUN 

1.0 

2./  ’.9 

3.7  2.9 

o.7  2.9 

1 o . 7 2.3 

. 4 

.2/  .1 

.37  .1 

.47  .1 

.97  .1 

JUL 

. 6 

t./  2.9 

2.7  c.tt 

6.7  2.3 

15.7  2.7 

.3 

.2/  .1 

.27  .1 

.37  .1 

• 67  .1 

AUG 

1 . 5 

!./  3.1 

5.7  3.0 

7.7  3.0 

17.7  2.9 

• 

.1/  .3 

• it  .0 

.27  .0 

• 5/  . 3 

SEP 

l . H 

2./  3.1 

5.7  o . 1 

7.7  3.1 

19.7  3.3 

• 

• 2 

.1/  ,C 

.27  .0 

.27  .0 

.47  .0 

OCT 

2.7 

3.7  3.4 

4.7  5.3 

3.7  3.3 

20.7  3.2 

.2 

.1/  .0 

.27  . t 

.27  . L 

.57  .0 

NOV 

3.5 

3./  3.5 

6.7  3.6 

3.7  3.5 

21.7  3.i* 

7 

• 

.2/  .1 

.27  .1 

.37  .1 

.57  .1 

DEC 

4.1 

4. 7 3.7 

5.7  3.6 

10.7  3. fa 

23.7  3.5 

.3 

.27  .1 

.27  .1 

.47  .1 

. o7  .1 

TOTAL 

RAIN  tr.SPI'l 

-VAP.  3 .7 

wRII  i: 

✓ 

UMOIST.CMM)  j 

.-  4. 
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OUOl 

W t T h RING 

PR-OICTIOM  OP  SI  1 L PARAMETERS 

SAND 

har:  soil 

FC 

PC 

4.2  V.  C»IT. 

.tv. 

90.-110. 

MONTH 

MOISTURF 

i00«M2 

9 00  MH2 

1GH2 

2CHZ 

XOY  WT. 

ATTR/E»3ILON 

A T T N7 : PSI _ ON 

ATTR/tPSI-OR 

ATTN/EPSILON 

TOLERANCE 

TOB/R ARCT 

DOYt-RARC-- 

OBJfcfcRARCE 

D379LERAN3F 

JAN 

4.? 

4./  3.7 

4 . Z 3.b 

10.7  3 . b 

23.7  3.9 

.4 

.3/  .1 

.3/  .1 

.97  .1 

.97  .1 

FED 

4.2 

4./  T.7 

4./  3 . b 

10.7  3. b 

23.7  3.9 

. 4 

.3/  .1 

.37  .1 

.97  .1 

.9/  .1 

MAR 

4.2 

4 . / 5 . r 

9.7  3.1, 

10.7  3.6 

23.7  3.9 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

APR 

3.9 

4./  T.6 

4.7  3.4 

10.7  3.9 

22.7  3.4 

.4 

.3/  .1 

.37  .1 

.97  .1 

.97  .1 

MAY 

2 . b 

3./  3.3 

4.7  3.3 

3.7  3.3 

20.7  3.2 

.4 

.3/  .1 

.3 1 .1 

.97  .1 

.97  .1 

JON 

1.1 

2./  T.O 

3.7  2.9 

7.7  2.9 

lb. 7 2.9 

. 4 

.2/  .1 

.3/  .1 

.47  .1 

.97  .1 

JOL 

.4 

t./  '.3 

2.7  ^ .tt 

b. 7 2.8 

19./  2.7 

• ? 

.2/  .1 

.27  .1 

.37  .1 

.97  .1 

AUG 

.4 

l./  2.3 

2.7  ?.H 

6. / 2.8 

19./  2.7 

• ? 

.1/  .3 

.17  .1 

.27  .0 

.47  .0 

SEP 

1.3 

2 . / 3 . t 

3.7  J . 1 

7.7  3.0 

17.7  2.9 

-> 

• ' 

.1/  .c 

.17  . U 

.27  .0 

.37  .0 

OCT 

2.9 

<./  3.3 

4.7  3.3 

3.7  3.3 

19.7  3.2 

• c 

.12  .0 

.17  .0 

.27  ,C 

.47  .0 

NOV 

3.9 

3 • / 3 . t> 

4.7  3,9 

3.7  3.9 

22./  3.4 

. c 

.1/  .1 

.2/  .U 

.37  ,0 

.97  .0 

DEC 

4.1 

4./  3.7 

9.7  3 , b 

10,7  3.6 

23.7  3.9 

.3 

.27.1 

.3'  .1 

.47  .1 

.77  .1 

TOT  AL 

RAIN  3P.4PAI 

VAP . 3P.4 

CRIt  13 

AlMOI>I.(MM>  3 

.-  4. 

0U0HN30SCH 

prioiction  of 

SOIL  3AR4 METERS 

SAND 

CARE 

SOIL 

FC  4.2%  CRIT. 

.1% 

FC 

90.-110. 


MONTH 

MOISTURE 

3 0 O'HZ 

5 00  m HZ 

13HZ 

2GHZ 

ZB Y WT. 

AT TN/E’SILON 

ATf  N/EPSILCN 

ATT  .'-)/£  PS  IL  0\l 

ATTN/EPSILON 

T OLERANCE 

TOBFRAVCF 

DO/bRAYC: 

OBdbE RANCH 

Q973LE RAN 

JAN 

4.2 

4./  3.7 

5.7  3.6 

10./  3.6 

23./  3.5 

.4 

.3/  .1 

.37  .1 

.5/  .1 

.9/  .1 

FEB 

4.2 

4. / 3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

. 3/  .1 

.37  .1 

.57  .1 

.9/  .1 

MAR 

4.2 

4./  3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

APR 

3.7 

3./  3.6 

5.7  3.5 

10.7  3.5 

22.7  3.4 

. 4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

MAY 

2.6 

3./  3.3 

4.7  3.3 

8.7  3.3 

20.7  3.2 

.4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

JUN 

1.1 

2./  3.0 

3.7  3.0 

7./  3.0 

16./  2.9 

. 4 

.2/  .1 

.37  .1 

.47  .1 

.87  .1 

JUL 

.4 

1./  ? • 9 

2.7  2.8 

6.7  2.8 

15.7  2.7 

.2 

.1/  .1 

.27  .1 

.37  .1 

.5/  .1 

AUG 

.4 

1./  ? • 9 

2.7  2.8 

6.7  2.9 

15.7  2.7 

.2 

. 1/  .0 

.17  ,C 

.27  .0 

.4/  .0 

SEP 

• 8 

2.7  2.9 

3.7  2.9 

6.7  2.9 

16.7  2.8 

.1 

.1/  .0 

.17  .0 

.27  .0 

.3/  .0 

OCT 

1.9 

2./  3.2 

3.7  3.1 

7.7  3.1 

18.7  3.0 

.1 

,1/  .0 

.17  .0 

.27  .0 

.37  .0 

NOV 

3.1 

3./  3.4 

4.7  3.4 

9./  3.4 

21.7  3.3 

.2 

.17  .0 

.17  .0 

.27  .0 

.47  .0 

DEC 

3. a 

4.7  3.6 

5.7  3.5 

10.7  3.5 

22.7  3.4 

.2 

.27  .1 

.27  .1 

.37  .1 

.5/  .1 

TOTAL 

RAIN  29.1PA9 

EV4P.  30.9 

CRITIC 

AlMOIST.(MM)  3 

• - 4 • 

LEEUWAROEN 

PREDICTION  OF  SOIL  PARAMETERS 

SAND 

BARE  SOIL 

FC 

FC 

4.27.  CRIT. 

90.-110. 

MONTH 

MOISTURE 

1 3 (i  H l 

503  MHZ 

1GHZ 

2GHZ 

'/.BY  HT. 

ATTN/(.JSILON 

ATTN/EPSILON 

AT  T Y7E  PS  It  0 Y 

AT  TN7EaSI LON 

TOLERAyCF 

TUB  ?R  A YCt 

BBZt-RAYCi 

DMbERANOE 

OamERANCE 

JAN 

4.2 

4./  3.7 

5./  3 . b 

10.7  3 . 6 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

FEB 

4.2 

4./  3.7 

6./  3 . b 

10.7  3. b 

23.7  3.5 

.4 

.3/  .1 

.3/  .1 

.57  .1 

.97  .1 

MAR 

4.2 

4./  3.7 

5.7  3. b 

10.7  3 . b 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

APR 

3.7 

3./  3.6 

5.7  3.5 

10.7  3.5 

22.7  3.4 

. 4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

MAY 

2.5 

5.  / 3.3 

4.7  3.3 

8 • / 3.3  • 

19./  3.2 

.4 

. 3/  .1 

.37  .1 

.57  .1 

.97  .1 

JON 

1.2 

2./  3.0 

3.7  3.0 

7.7  3.0 

16.7  2.9 

.4 

.2/  .1 

.37  .1 

.47  .1 

. a/  . 1 

JUL 

1.2 

?./  3.0 

3.7  3.0 

7.7  3.0 

16.7  2.9 

. T 

.2/  .1 

.27  .1 

.37  .1 

.6/  .1 

AUG 

2.0 

2./  3.2 

3.7  3.1 

8. 7 3.1 

18.7  3.0 

.2 

.1/  .1 

.27  .1 

.37  .1 

.5  7 .1 

SEP 

2.1 

2.7  3.2 

4.7  3.2 

8.7  3.2 

18.7  3.1 

.2 

.1/  .1 

.27  .0 

.37  .0 

.57  .0 

OCT 

2.9 

3./  3.4 

4.7  3.3 

9.7  3.3 

20.7  3.2 

.2 

.1/  .1 

.27  .1 

.37  .1 

.57  .1 

NOV 

3.7 

3./  i.b 

5.7  3.5 

10.7  3.5 

22.7  3.4 

.3 

.2/  .1 

.27  .1 

.37  .1 

.67  .1 

DEC 

4.2 

4./  3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

. 4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

TOTAL 

RAIN  30 . SPAY 

FVAP.  2«,3 

CRITIC 

ALMDIST.(MM)  3 

.-  4. 

1 
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JOURE 

PREDICTION  OF  SOIL  PARAMETERS 

SAND 

BARE  SOIL 

FC 

EC  4 

.2X  CRIT. 

.U 

90.-110. 

MONTH 

MOISTURE 

.1 0 0 1 H l 

500  MHZ 

1GHZ 

2GHZ 

ZB Y WT. 

ATTN/EPSILON 

ATI N/EPSILON 

ATTM7EPSIL0R 

AT  TN7EPSIL0N 

TOLERANCE 

T0B2RANCE 

DBtffcRAVCE 

O«0fcERANC£ 

OBrdLERANOE 

JAN 

4.2 

4./  3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

FEB 

4.2 

4./  J . 7 

5.7  3.6 

10.7  3.6 

23./  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

MAR 

4.2 

4./  3.7 

5.7  3.6 

10.7  3.6 

23./  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

APR 

3.7 

3./  5.6 

5.7  3.5 

10.7  3.5 

22.7  3.4 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

MAY 

2.5 

3./  3.3 

4.7  3.2 

9.7  3.2 

19.7  3.1 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

JUN 

1.2 

2./  3.0 

3.7  3.0 

7.7  3.C 

lb. 7 2.9 

.4 

.2/  .1 

.37  .1 

.47  .1 

.37  .1 

JUL 

1.1 

2./  3.0 

3.7  2.9 

7.7  2.9 

16.7  2.9 

.3 

.2/  .1 

.27  .1 

.3/  .1 

.67  .1 

AUG 

1.7 

2./  3.1 

3.7  3.1 

7.7  3.1 

17.7  3.0 

.2 

.1/  .1 

.27  .0 

.37  .0 

• 57  .0 

SEP 

1.9 

2.7  3.2 

3.7  3.1 

7.7  3.1 

18.7  3.0 

.2 

.1/  .1 

.27  .0 

.37  .0 

.57  .0 

OCT 

2.9 

3./  3.4 

4.7  3.3 

9./  3.3 

20.7  3.2 

.2 

.1/  .1 

.27  .0 

.37  .0 

.57  .0 

NOV 

3.7 

3./  5.6 

5.7  3.5 

10.7  3.5 

22.7  3.5 

.3 

.2/  .1 

.27  .1 

.37  .1 

.07  .1 

OEC 

4.2 

4./  3.7 

5.7-  3.6 

10.7  3.6 

23.7  3.6 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

TOTAL 

RAIN  32. 8PAM 

r V 4P  . 37.1 

CRIT IC 

OlMJIST. (MM)  3 

• “ 4 . 

J 
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HOORN 

PREDICTION  OF  SOIL  3 ARAMET  ERS 

SANO 

BARE  SOIL 

FC 

FC  4 

.27  CRIT. 

.17. 

90.-110. 

MONTH 

MOISTURE 

3001HZ 

500MHZ 

1GHZ 

2GMZ 

r.BY  WT. 

ATTN/E3SILON 

ATTN/EPSI-ON 

AT  TN7EPSI. OR 

ATTN/EPSILON 

TOLERANCE 

TOBZRANCE 

BBIZE-RANCE 

DMbERANCE 

0B73LERANC£ 

JAN 

4.2 

4./  3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.3/  .1 

.57  .1 

.97  .1 

FEB 

4.2 

4./  3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

MAR 

4.2 

4.7  3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.5/  .1 

.9/  .1 

APR 

3.8 

4.7  3.6 

5.7  3.5 

10.7  3.5 

22.7  3.4 

.4 

.37  .1 

.37  .1 

.57  .1 

.97  .1 

MAY 

2.7 

3./  3.3 

4.7  3.3 

8 . / 3.3 

20./  3.2 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

JUN 

1.1 

2./  3.0 

3.7  2.9 

7.7  2.9 

16.7  2.3 

.4 

.2/  .1 

.37  .1 

.4/  .1 

.8/  .1 

JUL 

.4 

1.7  2.3 

2.7  2.8 

6.7  2.8 

15.7  2.7 

.2 

.1/  .0 

.1/  .D 

.27  .0 

.37  .0 

A JG 

.4 

1.7  2.8 

2.7  2.8 

6.7  2.8 

15./  2.7 

.1 

.17  .0 

.17  .0 

.17  .0 

.3/  .0 

SEP 

1.1 

2.7  3.0 

3.7  3.0 

7.7  3.0 

16.7  2.9 

. 1 

.1/  .0 

.1/  .0 

.17  .0 

.27  .0 

OCT 

2.4 

3./  3.3 

4,7  3.2 

8.7  3.2 

19.7  3.1 

.1 

.1/  .0 

.17  .0 

.27  .0 

.3/  .0 

NOV 

3.5 

3./  3.5 

5.7  3.5 

9.7  3.5 

21.7  3.4 

.2 

.17  .0 

.2/  .G 

.27  .0 

• 4/  .3 

OEC 

4.1 

4.7  3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.3 

.2/  .1 

.27  .1 

.37  .1 

.67  .1 

TOTAL 

RAIN  29.4PAN 

EVAP.  30.2 

CRIT ICALMOI3T. (MM)  3 

.-  4. 
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GEMERT 

PR-  DICTION  OF  SOIL  PARAMETERS 

SAND 

PAR-:  SOIL 

FC 

FC  4 

,2V.  CRIT. 

.1  X 

90.-110. 

MONTH 

MOISTURE 

iOOMHZ 

6 C J MHZ 

1GHZ 

2GHZ 

X BY  WT. 

ATTN/CPSILON 

ATTN/-'  PS  I u ON 

AT  TN/EPSlL  ON 

AT  TN/EPSI -ON 

TOLERANCE 

TOBITRANCT 

BBZ  t-RANC- 

0B3fet  RANCE 

0379LERAN 

JAN 

4.1 

4. / 3.7 

5.7  3.6 

10./  3.6 

23.7  3.5 

.3 

.2/  .1 

.it  .1 

.47  .1 

.6/  .1 

FtB 

4./  3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

MAR 

4.2 

4. / 1.7 

5.7  3.6 

10.7  3.6 

23.7  3.3 

.4 

.57.1 

.it  .1 

.57  .1 

.9/  .1 

APR 

3.7 

3.7  1.6 

•>  . 7 3.5 

10.7  3.5 

22.7  3.4 

.4 

.37  .1 

.37  .1 

.57  .1 

.97  .1 

MAY 

2 . b 

3.7  5.3 

4.7  3.3 

8.7  3.3 

19./  3.2 

.4 

.3/  .1 

.3/  .1 

.57  .1 

.97  ,1 

JON 

1.1 

2.7  3.0 

3.7  2.9 

/.t  2.9 

l o . 7 2.3 

.4 

.27  .1 

.37  .1 

.47  .1 

.37  .1 

JUL 

.2 

1.7  2.3 

2.7  2.8 

5.7  2.8 

14.7  2.7 

.0 

.07  .0 

.0/  .c 

.07  .0 

.17  .0 

AUG 

.2 

1.7  ? .5 

2.7  2.7 

5.7  2.7 

14.7  2.5 

0.0 

0. 073.0 

0 . 0 7 0 • 0 

0. 070.0 

0. 0/0. 3 

SEP 

.3 

1.7  2.8 

2.7  2.8 

o.7  2.8 

14.7  2.7 

n 

• * 

.07  .0 

• U 7 .0 

.07  .0 

.0/  .0 

OCT 

1.2 

2.7  5.0 

3 #7  3.0 

7.7  3.0 

16.7  2.9 

.0 

.07  .0 

.07  .0 

.07  .0 

.17  .0 

NOV 

2.5 

3.7  3.3 

4.7  3.3 

8.7  3.3 

19.7  3.2 

.1 

.17  .0 

.17  .0 

.17  .0 

.27  .0 

DEC 

3.4 

3.7  3.6 

5.7  3.5 

9.7  3.5 

21.7  3.4 

.2 

.17  .0 

.17  .0 

.27  .0 

.37  .0 

TOTAL 

RAIN  27. 3P4N 

V4  P . 31.1 

CRIT  IC 

ALMDIST.TMM)  3 

• - 4. 

;e 
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tRMELO 

PREDICTION  OF  SOIL  3 

ARA METERS 

SAND 

DARE  SOIL 

FC 

FC 

<♦.2-/.  CRIT. 

.17. 

90.-110. 

MONTH 

MOISTURE 

50Z' MH? 

1GHZ 

2GHZ 

•ROY  WT. 

ATTN/E3SILON 

a ttn/epsil 

ON  ATTN/tPSlLON 

ATTN/EPSILON 

TOLERANCE 

TOB/R  ANCE 

ffiBZ  bRA  N 

CF.  OBBbERANCE 

0379LERANCE 

JAN 

4.2 

4./  3.7 

9.7  3.6 

10.7  3.6 

23./  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

FE0 

4.2 

4./  J.7 

6.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.3/  .1 

.57  .1 

.97  .1 

MAR 

4.2 

4./  3.7 

6.7  3.6 

10.7  3.6 

23./  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

APR 

3.3 

4.7  3.6 

5.7  3.5 

10./  3.5 

22./  3.4 

.4 

.3/  .1 

.3/  .1 

.57  .1 

.97  .1 

MAY 

2.7 

5./  3.3 

4.7  3.3 

8.7  3.3 

20./  3.2 

. 4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

JUN 

1.0 

?./  ?.9 

3.7  2.9 

6./  2.9 

16./  2.8 

.4 

.2/  .1 

.37  .1 

.4/  .1 

.8/  .1 

JUL 

.6 

1.7  2.8 

2.7  2.8 

6./  2.8 

15./  2.7 

.3 

.2/  .1 

.27  .1 

.37  .1 

.67  .1 

AUG 

1.3 

2.7  3.0 

3.7  3.0 

7.7  3.0 

17.7  2.9 

.2 

.17  .1 

.27  .0 

.37  .0 

.57  .0 

SEP 

1.4 

2.7  3.0 

3.7  3.0 

7.7  3.0 

17.7  2.9 

.2 

.1/  .C  ' 

.27  .0 

.27  .0 

.4/  .0 

OCT 

2.3 

3.7  3.2 

4.7  3.2 

8.7  3.2 

19.7  3.1 

.2 

.1/  .0 

.27  .0 

.2/  .0 

.47  .0 

NOV 

3.0 

3.7  3.4 

4.7  3.4 

9.7  3.4 

20.7  3.3 

.2 

.17  .1 

.27  .0 

.3/  .0 

.5/  .0 

OEC 

3.8 

4.7  3.6 

5.7  3.5 

10.7  3.5 

22.7  3.4 

.3 

.27  .1 

.27  .1 

.37  .1 

.67  .1 

TOTAL 

RAIN  29.6PAN 

EVAP.  30. 5 

CRITIOALMOIST. (MM>  3 

• - 4* 

57 


u 


£tLOE 

SAmq 

FC  '■**  Mu. 

«ISIui,E 
ZtlY  m 
r*-EK  ANZE 

J*N  4.2 

. 4 


p*s-»ction  0f  so 

.1*  8a«£  S3  XL  4^NErf<S 


.1  ? 

,53HX 


S3XL 


F£a  4.2 
. 4 


•»UHX 

4rrVEicr,  n.  5 0?  /fur 

Tr>B  ?UvCh  4rry?PSXL0.v  ^rr  1GH^ 

■B'MAyS:  ^^^SILOV 

•'  *•?  _ ^®^bt  iu-c 

•3/  .j  >./  3.t  ^ 


FC 

*°*-u  0. 


4.2 


*•'  *.7 

• i/  .1 


5-'  3.6 

. J/  .x 


4Pf<  * , 
*•8 

• 4 


*•'  i., 
• 3/  ,j 


S*'  3.6 
.3/  .x 


ld*/  3.6 

•5/  .1 


*•'  3.6 

• 3/  . x 


3*'  3.b 
• 3'  .i 


U*/  3.6 
•5/  .1 


A . T 2gHZ 
ATT"'FPSIloh 
°3r*L £<Ah:l 

3.5 

•*'  .1 


JUN  1.4 


J./  5.5 
.3/  . x 


5*'  3.5 

•3'  .J 


JJl  l.; 

. 3 


*•'  i.O 

•2/  .1 


%,/  3 . j 
.3/  #1 


10-/  3.6 

.5/  .x 

10-/  3.5 

•5/  .1 


2J./  5.5 

•*'  .1 


4U& 

.2 


^•/  3.0 

•*'  .1 


J,/  3.c 

.3/  . j 


3-'  3.5 

•5/  .1 


3.5 

*3'  .1 

?2*'  3.5 

•3/  .1 


2./  5.x 


J*'  3.C 
•*'  .1 


'■'  3.0 

• 4/  ,x 


2>/  3.C 


2°*'  5.2 

•3/  .i 

*'./  2.9 
•3/  .1 


SEP 

1 • 7 

•3/  .1 

3./  3.x 

• 6/  . ; 

•*'  -1 

*•'  3.x 

l7»/  3.0 

*> 

• c. 

<3./  3.x 

.3/  .i 

OCT 

•1/  .1 

3./  3.x 

•«'  -1 

?.5 

{,/  3.5 

.0 

r’/  3.x 

l8*/  3.0 

.2 

W 3.2 

•<?'  .0 

•*'  .0 

NOV 

3.5 

•*'  .1 

3./  3.2 

•»/  .0 

.? 

*•'  3.5 

•3/  ,o 

3.x 

OtC 

4.X 

'Z'  .1 

*•'  3.5 
•<?'  .1 

3./  3.5 

•s/  .0 

. 3 

*•'  3.7 

•3/  .1 

2l*'  3.3 

•*/  .1 

*•'  -3.b 

• 5/  ,x 

total 

*4rN  3C.9P4v 

?9.7 

•*'  .1 

1J>/  3.0 
.4/  .x 

3.5 
.6/  ,x 

3*1  r ij 

^HOI  orfcMNI 

J-  4. 

4 


JEN 

HELOtR 

PREDICTION  OF  SOIL  PARAMETERS 

SAND 

BARE  SOIL 

FC 

FC 

4.27.  CHIT. 

.1'/. 

90.-110. 

MONTH 

MOISTURE 

T00N9Z 

9 0 0 MHZ 

1GHZ 

2GHZ 

'/{BY  MT. 

ATTN/E3SILON 

ATTN/EPSILON 

ATTN/EPSILON 

ATTN7EPSIL0N 

TOLERANCE 

TQBE?  ANCE 

flBZERANCE 

0 10 be  RA  NO  E 

0B79L  ERANCE 

JAN 

4.2 

4./  3.7 

5./  3.6 

10./  3.6 

23.7  3.5 

.4 

.3/  .1 

.3/  .1 

.57  .1 

.9/  .1 

FtB 

4.2 

4./  3.7 

5.7  5.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

.9/  .1 

MAH 

4.2 

4.7  3.7 

5.7  3.0 

10.7  3.6 

23./  3.5 

.4 

.3/  .1 

.37  .1 

.5/  .1 

.97  .1 

APR 

3.9 

4./  3.6 

5.7  3 • 5 

10.7  3.5 

22.7  3.4 

.4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

MAY 

2.3 

3./  3.4 

4.7  3.3 

9.7  3.3 

20.7  3.2 

.4 

.3/  .1 

.3/  .1 

.57  .1 

.97  .1 

JUN 

1.0 

2./  3.9 

3.7  2.9 

6.7  2.9 

16.7  2.8 

. 4 

.2/  .1 

.37  .1 

.57  .1 

.97  .1 

JUL 

.3 

1./  ? . 3 

2./  2.8 

6.7  2.8 

1 4 . / 2.7 

.0 

.0/  .3 

.07  .G 

. 17  .0 

.17  .3 

AUG 

.2 

1./  ? . 9 

2.7  2.7 

5./  2.7 

14./  2.6 

0.0 

u. 0/; . o 

0.071.0 

0.070.0 

0. 0/0.0 

SEP 

. 7 

2./  2.9 

2.7  2.9 

6.7  2.9 

15.7  2.8 

. G 

.3/  .0 

.07  .0 

.07  .0 

.07  .0 

OCT 

2.2 

5./  3.2 

4.7  5.2 

8.7  3.2 

19.7  3.1 

.1 

.0/  .0 

.17  .0 

.17  .0 

.17  .0 

NOV 

3.4 

3.  / 3.5 

5.7  5.6 

9.7  3.5 

21.7  3.4 

' .2 

.1/  .0 

.17  .0 

.27  .0 

.47  .0 

otc 

4.0 

4./  3.7 

5.7  3.6 

10.7  3.6 

23.7  3,3 

o 

• — 

.2/  .1 

.27  .1 

.37  .1 

.67  .1 

TOT  AL 

RAI  N ?8 • C ° A -1 

-VAP.  29.7 

LR1TICALMOIST. CMM)  3 

• * k • 
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0E0EMS VA AR  T 

PREDICTION  0-  SOIL  PARAMETERS 

SANO 

FA  Rf  SOIL 

FC 

FC  4 

. 2<  CRIT. 

.1  V. 

90.-110. 

MONTH 

M3ISTJRF 

jOBui 

so: MM2 

1GH2 

2GHZ 

y.3Y  WT. 

ATTN/EPSILON 

ATI  N/EPSI.ON 

A I TN7lPSIlOM 

AT  TN7EPSIL0N 

TOLERANCE 

T0B2RANCE 

D92  t-R  A NC  E 

OBibtRANCt 

03F9LERANC; 

JAN 

4.2 

4./  3.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

.4 

.3/  .1 

.3/  .1 

.57  .1 

.9  7 .1 

FEB 

4.2 

4./  3.7 

5.7  3 . o 

10.7  3.6 

23./  3.5 

.4 

.3/  .1 

.37  .1 

.57  .1 

.9/  .1 

MAM 

4.2 

4.7  J.7 

5.7  3.6 

10.7  3.6 

23.7  3.5 

. 4 

.3/  .1 

.37  .1 

.57  .1 

.97  .1 

APR 

3 .7 

3.7  3.6 

5.7  3.5 

10.7  3.5 

22.7  3.4 

.4 

.37  .1 

.37  .1 

.57  .1 

.97  .1 

MAT 

2.6 

3.7  3.3 

4.7  3.3 

9.7  3.3 

19.7  3.2 

. 4 

.37  .1 

.37  .1 

.57  .1 

.97  .1 

JUN 

1.2 

2.7  3.0 

3.7  3.C 

7.7  3.0 

16.7  2.9 

.4 

.2/  .1 

.37  .1 

.47  .1 

.97  .1 

JUL 

1.3 

2.7  3.0 

3.7  3.0 

7.7  3.0 

17.7  2.9 

.3 

.27  .1 

.27  .1 

.37  .1 

. 67  . 1 

AUG 

1 .9 

2.7  3.2 

3.7  3.1 

8.7  3.1 

18./  3.0 

. 2 

.1/  .1 

.27  .0 

.3/  .0 

.5/  .0 

SEP 

2.0 

2./  3.2 

3.7  3.1 

9.7  3.1 

19./  3.0 

.2 

.17  .1 

.27  .0 

.3/  .0 

.5/  .0 

OCT 

Z ml 

3.7  3.3 

4.7  3.3 

9./  3.3 

20./  3.2 

.2 

.17  .1 

.27  .0 

.37  .0 

.5/  .0 

NOV 

3.4 

3.7  3.5 

5.7  3.5 

9./  3.5 

21./  3.4 

.3 

.27.1 

.27  .1 

.37  .1 

.6/  .1 

OEC 

4.1 

4.7  3.7 

5.7  3.6 

10./  3.6 

23./  3.5 

.3 

.27  .1 

.27  .1 

.47  .1 

.7/  .1 

TOTAL 

RAIN  31.1PAN 

CVAP.  30. 0 

CRIT IC 

AlMOIST.  (MM)  3 

.-  4. 
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UE  OUT 

PRiOICT IOV  OF  SOIL 

PARAMETERS 

SANCI 

JARI  SOIL 

FC 

FC  4 

• iV.  GRIT. 

.1  2. 

90.-11U. 

MON  1 M 

MOISTURE 

> 0 u 1 H 2 

5 0 u M H2 

1GHZ 

2GHZ 

•/.  3 Y W I . 

U59/r;jSILON 

ATTN/ERSI 

L ON 

AT  M/LPSI.ON 

AT  TN/EPSILON 

5 OLtttANGF. 

T)U2R ANCI 

BO/fcRANC- 

JI0bt  RANGE 

oaraiERANOE 

JAN 

4.2 

•♦./  3.2 

5 • / 3.6 

• 10./  3 . f> 

23./  3.5 

. 4 

.3/  .1 

.3/  .1 

l/ 

*.5/f.l 

.9/  .1 

FLO 

4.2 

4. / 5.2 

5./  3 . b 

10./  3 . b 

23./  3.5 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

.9/  .1 

MAK 

4.2 

4 . / 3.2 

5 . / 3 . b 

10./  3.6 

23./  3.5 

. 4 

. 3/  . 1 

.3/  .1 

.5/  .1 

.9/  .1 

APR 

3.8 

4.  / 5 • b 

5 . / 3.5 

10./  3.5 

22./  3.4 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

.9/  .1 

MAT 

2.2 

5./  3.4 

4./  3.3 

8./  3.3 

20./  3.2 

. 

. 4 

.3/  .1 

.3/  .1 

.5/  .1 

.9/  .1 

JUN 

1.2 

2. / 5.0 

3./  3.0 

2./  3.0 

16./  2.9 

.4 

.2/  .1 

.32  .1 

.4/  .1 

.3/  .1 

JUL  .5  1./  7.8 

. 3 . 2 / . 1 

AUG  .6  l./  ?.8 

.2  . 1/  .0 

StP  .9  2./  ? . 9 

.?  .1/  .(1  ' 

OCI  2.0  2./  5.2 

.2  .1/  .0 

NOV  3.2  5./  3.5 

.2  .1/  .0 

DEC  3.9  4./  5.6 

.3  .2/  .1 


TOTAL  RAIN  30.1PAN  :v AP.  30.8  GRIT IGAlMOIST • (MM)  3.-  4. 


bl 


2./  2.8  o./  2.8  15./  2.2 

.2/  .1  .3/  .1  .6/  .1 

2. /  2. a 6./  2.8  15./  2.2 

.22  .0  .2/  .0  .4/  .0 

3. /  2.9  b./  2.9  16./  2.S 

.1/  .0  .2/  .0  .3/  .0 

4. /  3.1  rt./  3.1  18./  3.0 

.1/  .0  .2/  .0  .3/  .0 

4. /  3.4  9. / 3.4  21./  3.3 

.2/  .0  .2/  .0  .4/  .0 

5. /  3 . b 10./  3 . b 22./  3.5 

.2/  .1  .3/  .1  .6/  .1 


BUCHTEN 

PREOICTION  OF  SOIL  PARAMETERS  v 

SANO 

BARE  SOIL 

FC 

FC 

4.2X  CRIT. 

.17. 

90.-110. 

MONTH 

M3  IS  TURF 

joo-hz 

9 0 3 MHZ 

1GHZ 

2GHZ 

Xti  Y WT  . 

ATTN/EPSILON 

ATTN7EPSIL  ON 

ATTN /EPSILON 

AT  TN/EPSIION 

TOLERANOF 

TOB2RANCE 

BBZERANO 

JBUbtRANOE 

Oi3f  9LERAN0E 

JAN 

4.2 

4./  3.7 

9.7  3.6 

10.7  3.6 

23.7  3.9 

.4 

.3/  .1 

.37  .1 

.9/  .1 

.9/  .1 

FEB 

4.2 

4./  3.7 

9.7  3 . b 

10.7  3.6 

23.7  3.9 

.4 

.3/  .1 

.37  .1 

.97  .1 

.9/  .1 

MAR 

4.2 

4./  5.7 

9.7  3 . b 

10.7  3.6 

23.7  3.9 

.4 

.3/  .1 

.3/  .1 

.97  .1 

.97  .1 

APR 

3.6 

3. / 5.6 

9.7  3.9 

10.7  3.9 

22./  3.4 

.4 

.3/  .1 

.37  .1 

.97  .1 

.9/  .1 

MAT 

2.8 

3. / 3.4 

4.7  3*3 

9.7  3.3 

20./  3.2 

. 4 

.3/  .1 

.3/  .1 

.97  .1 

.9/  .1 

JUN 

1.6 

2./  3.1 

3.7  3.1 

7.7  3.1 

17.7  3.0 

.4 

.2/  .1 

.37  .1 

.47  .1 

.8/  .1 

JUL 

.6 

t./  2.3 

2.7  2.8 

6.7  2.8 

19.7  2.7 

.3 

.2/  .1 

.27  .1 

.47  .1 

.77  .1 

AUG 

1.1 

2./  3.0 

3.7  2.9 

7.7  2.9 

16.7  2.8 

.2 

.1/  .1 

.2/  .0 

.37  .0 

.97  .0 

SEP 

1.6 

2./  3.1 

3.7  3.1 

7.7  3.1 

1 7.7  3.0 

• ? 

.1/  .0 

.27  .0 

.27  .0 

.47  .0 

ocr 

2.1 

2./  3.2 

4.7  3.2 

3.7  3.2 

18.7  3.1 

.2 

.1/  .0 

.27  .0 

.27  .0 

.4/  .0 

NOV 

2.9 

3.  ' 3.4 

4.7  3.3 

9.7  3.3 

20.7  3.2 

.2 

.1/  .0 

.27  .0 

.27  .0 

.97  .0 

OEO 

3.7 

3.7  3.6 

■>  • 7 3.9 

10.7  3.9 

22.7  3.4 

.3 

.27.1 

.27  .1 

.3/  .1 
✓ 

.«/  . 1 

total 

RAIN  30 . SPAN 

i-rvsp.  31.7 

jriti: 

*LM3i;>T.  <MM)  3 

• • 4 . 

SEEK  PREOICTION  OF  SOIL  PARAMETERS 


SANO 

BARE  SOIL 

FC 

4.2*  C?  I T . 

.1  5C 

MONTH 

MOISTURE 

TOON-!? 

500  MHZ 

1GHZ 

X8Y  NT. 

AT  TN/£3SILON 

ATTN/EPSILON 

ATTV/EPSILOM 

TOLERANCE 

TOBFRAMCE 

B3E6-RAVCE 

0 BOfctRANCE 

JAN 

4.2 

4./  3.7 

5./  3.6 

10./  3.6 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

FEB 

4.2 

4./  3.7 

5./  3.6 

10./  3.6 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

MAR 

4.2 

4./  3.7 

5./  3.6 

10./  3.6 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

APR 

3.7 

3./  3.6 

5./  3.5 

10./  3.5 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

MA  ¥ 

2.8 

5./  3.4 

4 . / 3.3 

9./  3.3 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

JUN 

1.7 

2./  3.1 

3./  3.1 

7./  3.1 

.4 

.2/  .1 

.3/  .1 

.4/  .1 

JUL 

1.2 

2./  3.0 

3./  3.0 

7./  3.0 

.3 

.2/  .1 

.2/  .1 

.4/  .1 

AUG 

1 .5 

2. / 3.1 

3 . / 3.0 

7./  3.0 

.2 

.1/  .1 

.2/  .1 

.3/  .1 

SEP 

1.8 

2.  / 3.1 

3./  3.1 

7./  3.1 

.2 

.1/  .1 

.2/  .0 

.3/  .0 

OCT 

2.4 

3. / 3.3 

4./  3.2 

3./  3.2 

• 2 

.1/  .1 

.2/  .0 

. 3/  . 0 

NOV 

3.2 

3./  5.5 

4./  3.4 

9./  3.4 

.2 

.2/  .1 

.2/  .1 

.3/  .1 

OCC 

3.9 

4 . / 3.6 

5./  3.6 

10./  3.6 

.3 

.2/  .1 

.2/  .1 

.3/  .1 

TOTAL 

RAIN  31.3PA9 

E/AP.  3C  . 8 

CRITIC 

ALMOIST.(MM) 

FC 

90.-110. 

2GHZ 

ATTN/EPSILON 

D879LERANCE 

23./  3.5 
.9/  .1 

23./  3.5 
.9/  .1 

23./  3.5 
.9/  .1 

22./  3.4 
.9/  .1 

20. /  3.2 
.9/  .1 

10./  3.0 

.3/  .1 

16. /  2.9 
.7/  .1 

17. /  2.9 
.5/  .1 

18. /  3.0 
.5/  .0 

19. /  3.1 
.5/  .0 

21. /  3.3 
.5/  .1 

22. /  3.5 

.6/  .1 
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PRr  HCTION  OF  SOIL 

rare  soil 

• IX 


^AyANt  TERS 


ANDEL 


SAND 

FC 

4.2%  CRIT 

MONTH 

MOISTURE 
X U Y NT. 
TOLERANCE 

JAN 

4.2 
. 4 

FEB 

4.2 

.4 

MAR 

4.2 

.4 

APR 

3.8 
. 4 

MAY 

2.2 

.4 

JUN 

1.0 

.4 

JUL 

.4 

.2 

AUG 

.4 

.2 

SEP 

.5 

.1 

OCT 

1.5 

.1 

NOV 

2.8 

.2 

DEC 

3.6 

.2 


lOnnz 

ATTN2I-  3SILON 

T0B2R  AN  JE 

4./  i.r 
.2/  .1 

4.2  1.2 
.37  .1 

4./  3.2 

.17  .1 

4./  1 .6 

.3/  .1 

3. / 3.3 
.3/  .1 

2.2  2.9 

.2/  .1 

1./  ?.3 

. 1/  .1 

1./  2.3 

.1/  .0 

1. /  ?.3 

.1/  .0 

2. /  3.1 
.1/  .0 

3. /  3.4 

.1/  .0 

3./  3.6 

.1/  .1 


500MHZ 

A TTN2CFSIL0N 

BB/i-RANCE 

5 • / 3 . b 
.32  .1 

3.2  3,6 
.37  .1 


6./  3.t> 

.if  .1 

6.2  3.6 
.3/  .1 

4.2  3.3 
.3/  .1 

3.7  2.9 

.3/  .1 

2.7  2.8 

.2/  .0 

2.2  2.8 

.12  .0 

2.2  2.8 
.12  .0 

3.7  3.0 

.12  .0 

4.2  3.1 

.12  .0 

5.2  3.6 

.22  .0 


ISH2 

AT I N 2E  PS  I - 0 N 
DiatERA'CE 

10.2  3,6 

.42  .1 

10.2  3.6* 

.52  .1 

10.2  3 . b 
.62  .1 

10.2  3.5 
.52  .1 

3.2  3.3 
.52  .1 

6.2  2.9 

.42  .1 

6.2  2.8 

.32  .0 


b. 2 2.8 

.22  .0 

6.2  2.8 

.22  .0 

2.2  3.0 

.22  .0 

9.2  3.3 

.22  .0 

10.2  3.5 
,32  .0 


FC 

90.-110. 

2G9Z 

AT  TN2EPSIL0N 

otir  slerance 

2 3.2  3.5 
.32  .1 

23.2  3.3 
.9/  .1 

23.2  3.5 
.92  .1 

22,. 7 3.4 
.92  .1 

20.2  3.2 
.92  .1 

16.2  2.3 
.32  .1 

15.2  2.7 
.52  .0 

15.2  2.7 
.1*7  .0 

15.2  2.7 
.57  .0 

12.2  2.9 
.32  .0 

20.2  3.2 
.42  .0 

22.2  3.4 
.52  .0 


TOTAL  RAIN  28.6PAN  FVAP  . 31.1  CR 1 1 I C ALMO IS T . (MM»  3.-  4. 
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ALMfcN 

P R:  D I C T I ON  0- 

SOIL  ’ARAMETERS 

SAND 

ia«t 

SD  IL 

FC 

FC  4.2-/.  CRIT. 

.1  •/. 

90.-110. 

MONTH 

MOISTURE 

10  3 997 

500  MH2 

1GH2 

2G9Z 

XBY  WT. 

AT  TN7  fa  3 1 L ON 

ATT  N7l  PS  1 L ON 

ATT't/FPSI.OS 

AT  TN/EPS ILON 

I OLtKANCE 

TOBtfRANCt 

BSYhRANCF 

DB8bt  KANCE 

0B79LERANCE 

JAN 

4.2 

4./  3.7 

o.7  3.6 

10.7  3.6 

2 5.7  3.5 

.4 

.2/  .1 

.37  .1 

.47  .1 

.87  .1 

FEB 

4.2 

4 . / 3.7 

6.7  3 . fa 

10.7  3.6 

23.7  3.6 

.4 

.3/  .1 

.37  .1 

.67  .1 

.9/  .1 

MAX 

4.2 

4./  3.7 

3.7  3.6 

10.7  3.6 

7 3.5 

. 4 

.3/  .1 

.37  .1 

.67  .1 

7 .1 

APR 

3.8 

4.  / 3.6 

6.7  3.6 

10.7  3.6 

' / 3.4 

. 4 

.3/  .1 

.37  .1 

.67  .1 

.)/  .1 

MAY 

2.7 

3./  3.3 

4.7  3.3 

8.7  3.3 

20./  3.2 

.4 

.3/  .1 

.3/  .1 

.5/  .1 

.9/  .1 

JUN 

1.2 

2./  3.0 

3.7  3.0 

7.7  3.0 

16.7  2.9 

. 4 

.2/  .1 

.37  .1 

.47  .1 

.87  .1 

JUL 

.4 

1./  ?.S 

2.7  2.8 

fa. 7 2.8 

16.7  2.7 

o 

. i« 

.1/  .0 

.17  .C 

.27  .0 

.47  .0 

AUG 

.4 

1.2  ?.fl 

2.7  2.8 

6.7  2.8 

15.7  2.7 

.1 

.1/  .0 

.17  .0 

.27  .0 

.3/  .0 

SEP 

.7 

2./  J.9 

2.7  2.9 

6.7  2.9 

16.7  2.8 

.1 

.1/  .0 

.17  .0 

.17  .0 

.3/  .0 

OCT 

1.7 

2.7  3.1 

3.7  3.1 

7.7  3.1 

17.7  3.0 

. 1 

.17  .0 

.1/  .0 

.1/  .0 

.3/  .0 

NOV 

2.8 

3.7  3.4 

* .7  3.3 

9.7  3.3 

20.7  3.2 

.2 

.17  .0 

.17  .0 

.2/  .0 

.3 7 .3 

DEC 

3.6 

3.7  3 . b 

i • 7 3.6 

10.7  3.6 

22.7  3.4 

. <- 

.1/  .1 

.27  .0 

.37  .0 

.5/  .0 

TOTAL 

RAIN  28.2PA9 

hV«°.  30.7 

CRITIC 

ALMOIST.(MM)  3 

.-  4. 

I 


ST.  ANNAlANU 

PREDICTION  OF  SOIL  3 AR AMET  ERS 

LOAMY 

CLAY 

BARE  SOIL 

FC 

FC  28 

• 2X  CRIT. 

21 .SY. 

530.-540. 

MONTH 

MOISTURE 

lOOHZ 

5 0 0 MHZ 

1GHZ 

2GHZ 

XBY  nr. 

ATTN/EsSILON 

ATT N7E PS I w ON 

AT  T N7EPSILOM 

AT  TN7EPSI LON 

TOLERANCE 

TOBRRANCE 

•8£ &RAN3E 

DidbtRANCE 

0879LERANCE 

JAN 

IT. 9 

1 7. 7 1 • 7 

49.713.4 

82.712.5 

122.711.2 

.1 

.1/  .1 

.17  .1 

.47  .1 

.67  .1 

FEB 

18.7 

39.715.4 

50.714.0 

86. 713.1 

127.711. 7 

.1 

.1/  .1 

.17  .1 

.47  .1 

. 67  . 1 

MAR 

18.6 

3 9. 7 15 . 4 

50.714.0 

95. 713.0 

126.711.7 

.1 

.1/  .1 

.17  .1 

.47  .1 

. 67  . 1 

APR 

17.5 

17.714.4 

49  .713.1 

81.712.2 

120.711.0 

. 1 

.2/  .1 

.1/  .1 

.47  .1 

.67  .1 

MAY 

15.2 

14. 71?. 4 

46.711.4 

73.710.6 

108.7  9.5 

.1 

.1/  .1 

.17  .1 

.47  .1 

.67  .1 

JUN 

12.9 

11. 715 .5 

43.7  9.7 

64. 7 9.0 

96.7  9.1 

.1 

.17  .1 

.17  .1 

.47  .1 

.67  .1 

JUL 

11.9 

29.7  9.6 

42.7  8.9 

61.7  8.2 

90.7  7.5 

.1 

.1/  .1 

.17  .1 

.47  .1 

.57  .1 

AUG 

12.3 

10. 7 10.0 

43.7  9.2 

62.7  8.5 

92.7  7.7 

.1 

. 17  .1 

.17  .1 

.37  .1 

.57  .1 

SEP 

12.6 

10.710 .2 

4 3.7  9.4 

63.7  8.7 

94.7  7.9 

.1 

.1/  .1 

.17  .1 

.37  .1 

.57  .1 

OCT 

13.8 

12.711 .2 

44.710.4 

68.7  9.6 

100.7  9.7 

.1 

.17  .1 

.17  .1 

.37  .1 

.57  .1 

NOV 

15.1 

14.712.4 

46.711.3 

72.710.5 

107.7  9.5 

.1 

.17  .1 

.17  .1 

.37  .1 

.5/  .1 

OEC 

15.3 

35.713.4 

47.712.3 

77.711.4 

114.710.2 

.1 

.17  .1 

.17  .1 

.47  .1 

t* 

.57  .1 

TOTAL 

RAIN  28.0P4M 

EV#P.  30.« 

CRIT ICALMDIST. CMM)  *00 

.-405. 

66 


POORTUGAAL  PRi  DICTION  OF  SOIL  PARAMETERS 


LOAMY 

CLAY 

BARE  SDIL 

FC 

FC  2fl 

.27.  CRIT. 

21 .3* 

530.-540. 

MONTH 

MOISTURE 

J00R9Z 

50DMHZ 

1GHZ 

2GMZ 

X3Y  WT. 

ATTN/EPSILON 

ATTN/EPSIlON 

ATTN/EPSILON 

ATTN/EPSILON 

TOLERANCE 

TOB2RANCE 

• B/e-RANCE 

DIBbERANCE 

087»L£RANCE 

JAN 

18.3 

33./15.6 

51 ./I 4.2 

8b. /I 3.2 

128. /II. 8 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

FEB 

13.3 

40. /IS. 4 

52./14.3 

90. /13.9 

133. /12. 4 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

MAR 

13.7 

40. /IS. 3 

51./14.S 

39./13.8 

132. /12. 3 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

APR 

18.5 

38./15.2 

50 ./I 3.3 

85. /12.9 

125. Ml.  5 

. 1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

MAY 

16.0 

15./13.1 

47./12.0 

76. /It. 2 

112. /IQ. 0 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

JUN 

13.6 

32./11.1 

44./1&.2 

67./  9.5 

99./  8.5 

. 1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

JUL 

12.7 

J0./1J  .3 

43./  3.5 

64./  8.8 

94./  8.0 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

AUG 

13.4 

11. /ID  .3 

44. /I 0. C 

66./  9.3 

98./  8.4 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

SEP 

13.6 

J2./1L.1 

44./10.2 

67./  9.5 

99./  8.5 

. 1 

. 1/  . 1 

.1/  .1 

.4/  .1 

.5/  .1 

OCT 

14.7 

13./1J.0 

46./11.0 

71./10.2 

105./  9.2 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

NOV 

16.0 

J5./13.1 

47./12.0 

76. /II . 2 

112./10.0 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

OEC 

17.3 

37. /I*. 2 

49./13.0 

80./12.1 

119. /10. 8 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

TOTAL 

RAIN  30.3P4N 

EV4P.  30.7 

CRITIC 

ALMOIST.(MM)  400 

.-405. 

67 


OUOE 

WtTt  RING 

PREDICTION  Ot-  SOIL  -'ARAMLTERS 

LOAMY 

clay 

HARE  SOIL 

FC 

FC  28 

i.2*  ORIT. 

•»  i . 3 y. 

530.-540. 

MONTH 

MOISTJRF 

1 0 d 8 H 7 

9 0 j h H Z 

1GHZ 

2G9Z 

V.JY  WT. 

ATTN/M3ILON 

ATTN/EPSI.ON 

A I T8/EPSI-  D4 

AT  T N/E  3S I L ON 

r jl t ravi:? 

TOBFR  ANCi 

ID  32  b R A 8 C r 

DBilbtRANOt 

ID379LERAN 

JAN 

18.9 

3 9.  / 1 » • 5 

SI ./14.2 

36. /I 3 . 2 

128. /II. 8 

. 1 

.1/  .1 

.1/  .1 

.4/  .1 

.b/  .1 

FLU 

19.5 

9J./13.4 

52 ./I 4.9 

90./13.9 

133. /12. 4 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

MAR 

19.9 

9d./l).4 

52./14.9 

90./13.9 

133. /12. 4 

. 1 

.2/  .1 

.2/  .1 

.5/  .1 

.7/  .1 

APR 

18.9 

39./  li  • 5 

51./14.2 

3b. /I 3.2 

128. /II. 3 

. 1 

.2/  .1 

.1/  .1 

.4/  .1 

.7/  .1 

MAY 

1 b • 5 

35. /IS. 5 

48. /I  2. 3 

77./ 11.5 

114. /10. 3 

. 1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

JUN 

13.9 

32./  11  . 3 

4 5 . / 1 f . 4 

b 3 . / 9.7 

10 1./  3.7 

. 1 

.2/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

JUL 

12. b 

3J./D.2 

h3  . / 1 . 5 

53. / 8.8 

94./  7.9 

. 1 

.1/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

AUG 

12.9 

3U./13 .0 

43./  9.3 

52./  8.6 

93./  7.3 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

SEP 

13. 0 

31. ✓ ID  .6 

44./  9.8 

65. / 9.1 

96./  3.2 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

ocr 

14.9 

3.3./  11  . 8 

45 . /10 . 6 

70./10.1 

104./  9.1 

. 1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

NOV 

16. 1 

35./13.2 

47./12.1 

7b. /II  .2 

112. /10.  1 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

DEC 

17.5 

3 7./ 14.3 

49./13.1 

81./12.2 

120. /ID.  9 

. i 

.1/  .1 

.1/  .1 

.4/  .1 

• 6/  .1 

TOTAL 

RAIN  30 . 5PA  ) 

:vip.  30. 

CR  I T I D Al. 

MDIIT.(MM)  *0u 

.-  4 0 9. 

68 


URK 

jR:3ICTICN  0-  SOIL  ’ARANETERS 

LOAMY 

clay 

oar:  soil 

FC 

FC  28 

.2Y.  CRIT. 

2 1 . i /. 

530.-540. 

MONTH 

M3  IS  T J RE 

♦ OH-tZ 

50 j MHZ 

1GHZ 

2GHZ 

y.  3Y  RT. 

AT  TN/E*  > I LON 

ATTN/r:>SI.  ON 

AT  TN/FPSI-O'I 

AT  TN/EPSI lON 

TOLERANCE 

TTBFR ANCE 

bszpranc: 

OBJbt  RANCF. 

OdFaiERANCE 

JAN 

13.7 

<3. /l->. 4 

SO  ./14.0 

36./13.1 

12b. /II. 7 

. 1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

FEd 

19.7 

4J./15.3 

51. /I 4.8 

39. /I 3.8 

132. /12.  J 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

MAR 

20.0 

40./15.5 

52./IS.0 

9J./14.C 

134. /12. 5 

.1 

.3/  .2 

.3/  .2 

.7/  .1 

1.0/  .1 

APR 

13.8 

1 »./ It  .5 

50./14.1 

86./13.1 

127. /II. 7 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.7/  .1 

MAY 

16.4 

15. / 13 . 4 

48./12.3 

77./11.4 

114. /10. 3 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

JUN 

13.9 

12. /II  .3 

45. /II .4 

38./  9.7 

101./  3.7 

.1 

.2/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

JUL 

13.3 

u. /n . s 

44  ./1L  .0 

bo. / 9.3 

98./  8.4 

. 1 

.1/  .1 

. 1/  .1 

.4/  .1 

.6/  .1 

AUG 

13.7 

iz./n .? 

44./  10. 3 

b 7 . / 9.5 

100./  3.3 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

SEP 

13.7 

12./11.1 

44 . / l C . 3 

67./  9.5 

100./  3.3 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

OCT 

14.9 

13. /II  .3 

45./1C.8 

70. /10. 1 

10*./  9.1 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

NOV 

15.7 

14./12.S 

47./11.7 

74./10.9 

110./  9.3 

.1 

.1/  .1 

.1/  .1 

.4/  .1 

.5/  .1 

OtC 

17.1 

lb./l«.D 

43./12.S 

3 J./11.9 

118. /10.  7 

.1 

. 1/  .1 

.1/  .1 

.4/  .1 

.6/  .1 

total 

RAIN  30.9PA'J 

V A r»  . 2 9.9 

CRITIC 

A L M3  1ST.  (MM)  4 00 

.-405. 
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APPENDIX  B 

THE  MAIN  COMPUTER  PROGRAM 
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700-45  IB-IB-12 
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720=64  IF ( IA-121 )68, 15, 15 
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980=52  IF(A(1))22,22,21 

990=21  URITE(IU,7)PtJ,A(l),E(l),A(2)#E(2),A(3),E(3),A(4),E(4) 

1000  = 7 FORMAT (1H+,7X,F4.1,2X,4(5X,F4.0*/»F4.1 )) 
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1030  = 8 FORMAT ( 1H  ,8X,F4. 1,  1X,40X,F4. 1 VF3. 1 ) ) 
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1280=  C'ICAL  UALUE"  , / ) 

1290=  READ<l,*)FCAP(l),FCAPO),CRIT(l  ),CRITO) 

1300=  URITE(IU,8)  FCAPd ),FCAPO  ),CRIT(  1 ),CRIT(2 ) 
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